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PREFACE 

It is often asserted that, at the present stage of human develop- 
ment, biology has a special mission to fulfil in school educa- 
tion. It can awaken adolescent pupils to the relation between 
biological processes and their own lives, and provide them 
with a background for appreciating those processes in their 
true perspective. It can also stimulate interest in many of 
the wider issues now confronting humanity, which demand 
for their solution the application of biological knowledge to 
human affairs. Such problems as the effect on human popu- 
lations of a differential birthrate, of mental disease, of in- 
creasing longevity combined with decreasing fertility, are 
troubling the minds of the thoughtful in most Western civiliza- 
tions. In so far as the tendencies revealed are undesirable 
and therefore to be combated, they must be realized by the 
young, for ultimately only the young can change them. 

Such are the often unformulatcd ideas which underlie the 
increasing demand for more biological teaching in the schools. 
Unfortunately, all too often is presented as so many 

isolated life-histories, so many field studies, so many facts of 
structure to be memorized for the purpose of passing an exami- 
nation. Thus the pupil fails ‘to see the wood for the trees*, 
and the wider issues arc neglected. The subject is often divided 
into botany and zoology, and little attempt is made to combine 
the two, although, as long ago as 1931, the panel of investi- 
gators then inquiring into the schooh-certificatc examination 

urged the necessity of ‘synthesizing the two into an organic 
whole’ (sec their report). 

This book, which covers existing school-certificate syllabuses, 
embodies the attempt of a practising teacher to achieve that 
and so to arrange the subject matter that those 
wider ^ths which can be learned from the study of biology 
^duaUy emerge. To do this it seemed «scntial to aWdon 
the type method of presentation, and to make fundamrotal 
such as feeding, respiration, growth, and reproduction, 
the central themes. Each section of the book deals with one- 
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such activity; the study of structure is only carried far enough 
to illustrate function, and technical terms are very sparingly 
used. At the same time, the writer has not hesitated to intro- 
duce matter not demanded by the school-certificate examina- 
tion when this seemed desirable to illustrate the various themes. 

A secondary aim that has been kept in mind is to emphasize 
the experimental method, in view of its value in training pre- 
cise and logical thought. The suggestions for experiments and 
exercises will, it is hoped, serve to demonstrate that general 
biology lends itself to experimental treatment in schools just 
as well as do the so-called ‘exact’ sciences. Stress is laid on 
the necessity for adequate controls in all forms of biological 
experimentation. 

My sincere thanks are due to my son, F. E. S. Hatfield, 
M.A., M.B., for much valuable advice; to Dr. T. L. Prankerd, 
F.L.S., and to Miss B. Underhill, B.A.,B.Sc. (Oxon.), for read- 
ing portions of the manuscript and for many helpful sugges- 
tions; to Miss E. Kirkwood for ad%dce with the illustrations, 
many of which arc original, and for permission to use t\vo 
figures borrowed from her book Plant Forms\ lastly, to my 
publishers for their patient care in the preparation of the book 
for publication. 

E. J. H. 
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NOTE TO TEACHERS 

Although, for the reasons stated, the type system has been 
discarded in the writing of this book, this does not imply that it 
can be completely abandoned in the class»room. The biologist 
is peculiarly bound by times and seasons ; frogs spawn in spring, 
snapdragons flower in summer, and such facts must influence 
all teaching schemes. 

It is suggested, therefore, that the sequence of lessons must 
occasionally be broken, and such forms, as they occur, be first 
studied simply as types, without any further implication. The 
knowledge so acquired is then ready in the mind of the pupil, 
when it is needed to illustrate the wider theme. 

The book is so arranged that sections can be interchanged 
should this seem desirable. The >\Titer, for example, sometimes 
treats the subject of respiration early, before considering 
general feeding in detail, the experiments on respiration 
being simpler, in some ways, than those on animal nutrition. 



PART I 

introductory 


CHAPTER I 

INTRODUCTION TO THE HISTORY OF BIOLOGY 

Biology (Gk. bios, Hfe) is no new study. Men depend on 
plants and animals for food and have been driven to study 
them from very remote times. On the walls of caves primitive 
man has left us accurate drawings of animals long since 
extinct, which give evidence of careful observation. 

Pastoral man subdued many animals to his service : buffaloes, 
sheep, goats, camels, and horses. He must have studied the 
plant world too, if only to discover which plants could most 
usefully be grown for food. Wheat, for example, has been 
under cultivation so long that only recently and after much 
careful research have we gained any knowledge about the wild 
plants from which it came. 

Man, the hunter, whether ancient nomad or modern big- 
game shooter, is likewise a great naturalist, for he must know 
something about the habits of the creatures he pursues. It was 
the primitive hunter who tamed the dog and trained him to 
assbt in the chase. 

Finally, the ills that flesh is heir to are always with us, 
and all down the ages the medicine man and herbalist have 
collected facts about the working of the body, the symptoms 
of disease, and the use of plants in its cure. From all these 
sources civilized man inherited a vast store of useful knowledge ; 
from all these roots sprang the science of biology, a science 
which originated in man’s endeavour to satisfy his most pressing 
need — the need for food. 

Speaking of the uncivilized tribes of central Africa among 
whom he travelled between i860 and 1870, Winwood Reade 
says: 

'Experiments are made on all kinds of plants with the view of 
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d5certaining what their qualities may be. The remarkable knowledge 
oi herbs which savages possess; their skill in preparing decoctions 
which can act as medicines or as poisons, which can attract or repel 
wild animals, is not the result of instinct but of experiment, and this 
habit of searching for edibles, medicine, and poison becomes (that is, 
gradually develops into) the experimental spirit, the passion of 
inquiry which animates the lifetime of the scientific man.* (T/u 
Martyrdom of A/an, by Winwood Reade.) 

■ GREEK BIOLOGY. The tTuc scttnct of biology, the study of 
living things not for the sake of any ‘useful’ knowledge but 
merely for the joy of knowing something about them, probably 
began with the Greeks, and among the Greeks Aristotle 
(384-322 B.c.) was the greatest biologist. He was interested in 
animals and described the lives of many of them with sur- 
prising accuracy. He even studied their development: for 
example, the growth of the chick within the egg. He discussed 
the functions of the organs of the body and was an enthusiastic 
naturalist. 

‘Every realm of Nature is marvellous.* ‘We should venture on the 
study of every kind of animal without distaste, for each and all will 
reveal to us something natural and something beautifiil.’ 

These sayings from Aristotle may serve as our guiding principle 
in the studies upon which we are now embarking. 

Aristotle has been called the ‘Father of Zoology’, for he was 
more interested in animals than in plants. Theophrastus 
(327-287 B.C.), his favourite pupil, who succeeded him at the 
Lyceum (the great school which Aristotle founded), studied 
plants so intensively that he has been described as the ‘Father 
of Botany*. Only a few of his many writings have survived 
to the present day; among these The History of Plants and 
The Causes of Plants arc books containing much that is interest- 
ing to modern botanists. Many of his descriptions, those of 
germinating seeds, for example, are very accurate. 

GREEK MEDICINE. The ancicnt Grcel^ loved learning and 
were real scientists. Great as was their work in pure biology, 
their work in medicine was perhaps even more important. 

‘Modern medicine’, says Dr. Charles Singer, ‘may truly be 
described as in essence a creation of the Greeks. The teaching of 
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history of biology 

Hippocrates and his school is the substantial basis of instruction in 
the wards of a modem hospital.* {Greek Biology and Greek Medicine.) 

Hippocrates (460-370 b.c.), the ‘Father of Medicine*, was 
one of the earliest, and perhaps the greatest, of these Greek 
physicians. Here is a part of the oath which his followers 
were required to swear: 

‘With purity and holiness will I pass my life and practise my art. . . . 
Into whatsoever houses I enter, I will go there for the benefit of the 
sick, and will abstain from every act of mischief and corruption. . . . 
Whatever in my professional practice I see or hear in the lives of 
men which ought not to be spoken of abroad, 1 will not divulge, 
deeming that on such matters we should be silent.* 

The high standard of morality expressed by this oath has been 
maintained by the best medical men of all succeeding ages. 

Many followed where Hippocrates had led. One of the last 
of these great physicians of antiquity was Galen, born a.d. 131. 
His influence, even his doctrines, were desdned to Uve on for 
over a thousand years and, when the revival of learning came 
to Europe and universides began to be founded, the text-books 
of Hippocrates and Galen were studied by all medical students. 
Even in the fifteenth and sixteenth centuries they were prac- 
tically the only books available. The Greek civilization had 
long since passed away, but the works of the Greeks lived after 
them. 

So that, when Troy had greatly passed 
In one red, roaring fiery coal, 

The courts the Grecians overcast 
Became a city in the soul. 

THE RISE OP MODERN BIOLOGY. How was it that, after so 
splendid a beginning, biology and medicine stood still for more 
than a thousand years? Why were text-books written before 
the birth of Christ still in use in the sixteenth century a.d.? 
Modern biological text-books arc often ‘out of date* almost 
before they arc printed. What has caused this great change? 

It ^ been due to the growth of an attitude of mind to 
which even the Greeks were largely strangers, an attitude of 
sell-cnucism to which they never attained. Great as they were, 
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it was not their custom to put their theories to the test of actual 
fact and actual experiment, however easy and obvious such 
experiments might be. They often described what must happen 
according to some ideal scheme of their own, instead of 
patiently endeavouring to find out what actually did happen. 
Even the great Aristotle fell into this error, and in the days 
after the fall of Greece this attitude of mind became fixed and 
almost universal. 

The beautiful herhals made by the medieval monks, for 
example, were illustrated by pictures which were carefully 
copied from earlier ones, becoming more inaccurate with every 
repetition. Nobody seems to have thought of looking at the 
actual plants, although they were probably growing in the 
monastery garden. The same spirit pervaded the whole intel- 
lectual life of that era. Whatever a great man had said mxsst 
be true, and it was quite wrong to challenge it. It was not 
until this attitude had changed; until men were ready to 
question authority where necessary; until they had devised 
methods of putting their theories to the test, so that their 
knowledge became more accurate, that modern science was 
born. 

‘Science*, a famoiis modern physicist has said, ‘can only be created 
by correct thinking.* 

The scientist must learn to check all his theories by accurate 
observation and careful experiment, and unhesitatingly to dis- 
card every idea which does not fit the facts as known. 

‘Experiment’, said Leonardo da Vinci (1452-1519), ‘is the inter- 
preter of nature. Experiments never deceive. It is our judgement 
which sometimes deceives itself because it expects results which 
experiment refuses. We must consult experiment, varying the circum- 
stances until we have deduced general rules, for experiment alone 
can furnish reliable rules.’ 

Only when men had learned this lesson did they become 
scientists; when once they had learned it they went rapidly 
ahead. 

‘Why did the pace suddenly quicken in the sixteenth and seven- 
teenth centuries? At the close of the Middle Ages a new mentality 




discloses itself. . , . Although in the year 1500 Europe knew less than 
Archimedes, who died in the year 212 B.C., yet in the year 1700, 
Newton’s ‘Principia’ had been written and the world was well started 
on the modem epoch.’ (Whitehead, Science and the Modem World.) 

PHILOSOPHERS ENCOURAGE THIS SCIENTIFIC SPIRIT OF INQUIRY. 

In the late sixteenth and early seventeenth centuries many 
great thinkers were explaining the new methods and showing 
men how to obtain more accurate knowledge. Francis Bacon 
(1561-1646), the great English Chancellor and politician, and 
R6n6 Descartes (1596-1650), the famous French mathe- 
matician, were among the most renowned. They both did 
much to inculcate new habits of thought and hence to form 
the ‘modern* mentality. At first the way was not easy and 
progress was slow; there was tremendous prejudice to be 
overcome. 

Galileo (1564-1642) was one of the first scientists produced 
by the new movement. Even as a student he earned the nick- 
name of ‘The Wrangler’ by his tendency to argue, his habit 
of questioning that ancient wisdom which was held to be quite 
infallible. One story of his early career has often been told, 
and, although the evidence on which it rests is not very sound, 
we give it since it illustrates so aptly the new method of 
attacking scientific problems. 

Aristotle seems to have thought that bodies fall at rates 
which arc proportional to their weights. Galileo argued that 
weight would have no influence on the rate of fall, and is 
reputed to have tested this idea by dropping two unequal 
weights from the top of the Leaning Tower of Pisa. 

Although the result of this experiment supported his theory 
he did not convince his opponents, and all through his life 
he encountered considerable opposition. Yet 'great is truth 
and will prevail*; the new ideas continually gained ground. 
Newton was born in the year Galileo died (1642); gradually 
^e new spirit of inquiry spread, the medieval world of fixed 
ideas was lefi behind, and the modern epoch began. For the 
world to-day is a scientific world; the attitude of the scientist 
pervades all our thought; even our poUtical and historical 
ideas arc subject to the same influence. 
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Much has been accomplished since that rebirth in the six- 
teenth century, but far more remains to be done. Scientific 
discovery, and above all biological discovery, is only in its 
infancy. The world has adopted the scientific attitude of mind, 
but it has not yet adopted a biological one. Many believe that 
this must be man’s next great step forward. What such an 
attitude might do for him will be clearer when you are at the 
end of the course which you are now only just beginning. 

Rich labour is the struggle to be wise, 

While we make sure the struggle cannot cease. 

Else better were it, in some bower of peace, 

Slothfully to swing, contending with the flies. 

(George Meredith.) 

‘Have the past struggles succeeded? What has succeeded? Your- 
self? Your Nation? Nature? Now understand me well — it is pro- 
vided in the essence of things that from any fruition of success, no 
matter what, shall come forth something to make a greater struggle 
necessary.’ (Walt Whitman.) 

TWO GREAT BIOLOGICAL DISCOVERIES. BcforC WC IcaVC this 

short outline of the early history of our subject, let us look at 
two great discoveries, both among the first-fruits of the new 
methods of inquiry and experiment, and both of great im- 
portance in the history of biology. 

I. The Discovery of the Circulation of the Blood. This discovery 
was mainly due to William Harvey (1578-1657), physician 
to the court of Charles I. Before his time ideas on this subject 
were extraordinarily confused. Men still held fast to Galen’s 
doctrine that the blood as it passes through various organs of 
the body becomes mixed with ‘spirits’ — natural, animal, and 
vital; and although they knew that the blood moves in the 
blood-vessels they had no picture of a continuous circulation, 
but thought, for example, that in the veins it ebbed and flowed, 
backwards and fonvards. 

Harvey was able to tell a very different story, having dis- 
covered the true facts by patient experiments and dissections. 
He proved that 

‘The blood in the animal body is impelled in a circle, and is in 
a state of ceaseless motion. . . . This b the actual function wlu h the 
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heart performs by means of its pulse, and this is the sole and only 
end of the motion and contraction of the heart.* (77i/ Motion of ihs 
Blood and Heart, by William Harvey. First printed and published in 
Latin at Frankfort in 1628.) 

Harvey dedicated his book to ‘The most illustrious and 
indomitable Prince Charles*, and modern readers will notice 
with astonishment how carefully he defends himself, in his 
preface, against the charge of ‘belittling the ancients’. 

‘I do not think it right or proper to take from the ancients 
any honour that is their due. ... I avow myself the partisan 
of truth alone’, he said in the letter which he sent with a copy 
of his book to the President of the Royal College of Physicians. 
Yet, in spite of his clear and striking argiimcnts, in spite of the 
accurate experiments which make his book ‘Le plus beau livre 
de la physiologic*, as a French critic said, Harvey had to suffer 
the fate of all pioneers. 

T have heard him say that, after his book was out, he fell mightily 
in his practice and ’twas believed by the vulgar that he was crack- 
brained, and all the “physitians” were against him’, says one of his 
friends. 

But Harvey lived to see his discoveries accepted, and this 
knowledge of the circulation of the blood and of the true 
function of the heart led to many new discoveries. So began 
the modern science of physiology, one of the most important 
branches of both biology and medicine. 

II. The Microscope and the Discovery of Cells. Another early 
outcome of this new method of inquiry was the invention of 
both the telescope and the microscope. Galileo is said to have 
been the first to use a microscope for biological observation 
(in 1634) and very soon there were microscopists all over 
Europe revealing to men a world of minute structure of which 
they had heretofore been quite ignorant. 

Robert Hooke (1636-1703), who was the first secretary of 
. Royal Society (a scientific society which, founded in 1660, 
is still famous), examined many objects with hb microscope, 
and in 1665 published some beautiful descriptions and draV 
mgs of them m his book Mkrographia. Among these were a 
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sketch and a graphic description of a thin slice of bottle cork 
(cp. Fig. i). 

‘I could’, he says, ‘exceeding plain perceive it to be all perforated 
and porous, much like a honeycomb but that the pores were not 

regular. ... It had very little solid substance in 
comparison of the empty cavity that was contained 
between, as does most manifestly appear in the 
Figure.* 



Hooke called these structures cells. This name 
has survived to the present day, and the study 
of cells, cytology, is a very important branch of 
modern biology, for cells are the unit structures 
Fio. I. Portion of of which the bodies of all plants and animals 
Hooke’s drawing consist. Knowledge of their nature has ad- 

ImVlnd^tcxturo ^anccd very rapidly since 1665, especially in 
of cork the last hundred years, and, although we keep 

the name, modern biologists do not mean quite 
(he same thing as Hooke did by this term. This will be made 
clear in a subsequent chapter. 


QUESTIONS ON CHAPTER 1 

I. Write a short account of the life and work of any famous 

biologist. , 

a. Describe the change in men’s attitude to knowledge which made 

the rise of modern science possible. Illustrate your answer by 

reference to definite examples. 

3. What do you know about the biological work of the Greeks. 

4. Give an account of the life and work of William Harvey, and 
explain, as far as you can, why his discoveries were of such importance. 

5. Give familiar quotations from Chaucer, Milton, Shakespear^ 
or any other author who wrote before the eighteenth century, whic 
illustrate their ideas about the workings of the human body. 
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CHAPTER II 

THE STRUCTURE OF LIVING ORGANISMS. CELLS 

‘The body fitly framed and knit together.’ — Eph. iv. i6 (R.V.) 

We turn now to study the plants and animab of to-day about 
which we all know something already. If you have had any 
lessons in nature study you should revise what you have 
learned. Let us begin by examining a flowering plant. 


Exercise. Examine and make sketches of a few flowering plants, 
such as a sunflower (preferably young), wallflower, or buttercup. 
Compare wbat you find with the plan given in Fig. 2. 

Cut thin slices of the root and stem of each specimen (for method 
cp. p. 92), and try to discover something of the internal as well as 
the external structure. You will find it easier to do this if you s tain 


your slices (sections) with aniline sulphate or eosin and hold them^ 
mounted on a glass slide (cp. p. 25), up to the light, 7 

THE TYPICAL PLOVVERINO PLANT. Fig. 2 illu^Satcs the funda- 


mental plan underlying the structure of every flowering plant. 
The shoot system usually grows upwards towards the light; 
it consists of stems each ending in a bud (the terminal bud) 
and bearing leaves at the nodes. In the axil of every leaf we 
find an axillary bud; when one of these grows it produces a 
branch stem which repeats the structure of the main axis. In 


due season this shoot system also gives rise to flowers, fruits, 
and seeds. (Confirm these statements from your specimens.) 

The root consists of a number of tapering cylinders all very 
similar in form. Near the tip of each is a region covered with 
fine root-hairs (cp. Fig. 19), Often, as in the figure, there is 
a main root with lateral branches (a tap-root system) ; some- 
times, however, the root consists of many branches of approxi- 
mately equal size (a fibrous root system). 

Internally the flowering plant also exhibits a definite struc- 


Descriftion OP Fio. 2 . The general structure of a flowering plant. 
A. Longitudinal section. B. Transverse section of the stem at AB (of A), 

C. Transverse section of root at CjD (of A) 
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ture. In the centre of the stem is a conspicuous pith. This 
is surrounded by the conducting tissue, seen in a transverse 
section of a young stem as a ring of vascular strands (or 
bundles) separated from each other by rays of soft tissue, called 
medullary rays. These strands, as the figure shows, pass out 
into the leaves, forming the veins. Outside this conducting 
tissue is the cortex, and outside all a protective layer termed 
the epidermis. 

In the root a very similar arrangement is shown by our 
sections. We notice epidermis, cortex, and conducting tissue; 
the last is usually more centrally placed than in the stem, so 
that there is often very little pith. Branch roots are seen to 
originate inside the parent root; as they grow, they push their 
way through the cortex to the outside. All these facts can be 
confirmed by examining any flowering plant with a lens or 
even with the naked eye; the structures referred to will be 
described in greater detail later (cp. Chapter IX). 

THE TYPICAL MAMMALIAN ANIMAL. Let US now examine an 
animal to observe something of its structure, beginning with 
one rather like ourselves, c.g. a rabbit. 

Exercise. Study the external structure of the rabbit and compare 
it with that of any other four-footed creatures that are available. 
Look, too, at pickled dissections, charts, and mounted skeletons of 
such animals, so as to obtain some idea of their internal organization. 

The rabbit is an alert, sensitive creature, watching our 
actions and making various responses to them. It can move 
very quickly, especially when alarmed. This power of loco- 
motion (movement from place to place) is one of the most 
striking difierenccs between the typical animal and the plant. 
The rabbit grows hungry and seel« food to satisfy its hunger, 
as we do; it is a vegetarian, feeding chiefly on leaves. It wakes 
and sleeps, works, rests, and plays, and soon learns to recognize 
both friends and foes. Compare its body with your own. It 
consists of head, neck, trurdt, tail, and two pairs of limbs. 
On the head are two eyes, a nose with two nostrils, a mouth 
with lips, teeth, tongue, and long sensitive hairs (vibrissac). 
Each limb has divisions corresponding to our own thigh, calf, 
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Fio. 3. Rabbit cpeacd to display the principal organs 

(somewhat diagrammatic) 

InternaUy the body is supported by a bony framework or 
skeleton as ours is (cp. Fig. 4) ; to this are attached the muscles 
by which the creature moves. Some parts of the skdeton^S 
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the backbone, the skull, the ribs, can be distinctly felt through 
the skin. Inside the trunk is a large space, the body cavity 
or coelom, in which many of the more important organs of 
the body lie (cp. Fig. 3). In ourselves (cp. Fig. 4), in the 
rabbit, indeed in all mammals,* this space is divided by a 
transverse partition, the diaphragm, into the chest cavity or 
thorax and the abdomen. Heart and lungs (two) lie in the 
thorax, the walls of which are strengthened on each side by 
the ribs. The abdomen contains such important organs as 
the stomach and intestine, concerned with the digestion of 
food; the liver, pancreas, and spleen; the kidneys (two), 
ureters, and urinary bladder for excreting waste substances; 
the reproductive organs, &c. These facts are illustrated in 
Figs. 3 and 4. 

CLASSIFICATION OF PLANTS AND ANIMALS. This preliminary 

study has illustrated an important biological fact. There is 
a definite plan of structure which goes right through the whole 
group of flowering plants, however much the individual types 
(species) differ in general appearance and in the details of 
their structure. Similarly all mammals have many features in 
common, and some of these structures are found not only in 
the mammals but in all vertebrates. 

We use this knowledge to classify living organisms into 
definite groups (or phyla) ^ each group having its own charac- 
teristic features which clearly distinguish it from all other 
groups. Vertebrates, Arthropods (jointcd-lcgged animals such 
as crabs, insects, spiders, &c.), Worms, Molluscs (creatures with 
shells, such as snails, oysters, &c.) are familiar animal groups; 
Flowering plants, Ferns, Mosses, Fungi, some of the more 
important sub-divisions of the plants. (Gp. Appendix I.) 

Exercise. Examine a collection of birds, of insects, of brown sea- 
weeds, of toadstools, and make lists of those features of external 
structure which seem to be characteristic of each of these groups. 

CELLS THE UNIT OF STRUCTURE. Flowcring plants are the 
most highly organized group of plants, mammals the highest 

' Mammals are vertebrate animals whose bodies are more or less 
covered with hair, and who oourish their young with milk. 
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highly magnified) 
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animals; many living organisms are much simpler in structure. 
Yet, under all such differences, they have one feature in 
common. Their bodies are made up of the units which Hooke 
(cp. p. i6) called cells. In some creatures the body consists 
of one such unit only, i.e. they are unicellular, and can only 
be examined with a microscope. Those we see around us arc 
all multicellular; the total number of cells in the human body 
is of the order of 1,000,000,000,000,000. 

CELL STRUCTURE. Although Hooke gave the name ‘cells* in 
1667 to the units of which all living bodies consist, two hundred 
years were to elapse before any clear idea was obtained of 
their nature. Let us examine a few cells to see what we can 
discover about them for ourselves. 

Exercise. Strip off a fragment of skin from the scale leaf of an 
onion bulb. Have ready a glass microscope slide on which there is 
a small drop of water; spread out a tiny fragment of the skin in this 
water and cover it carefully with a clean cover-slip. Let this down 
gently so that no air is enclosed. 

This operation is called ‘mounting the object*. It is usual to mount 
all objects for microscopic study in some fluid (water, glycerine, 
Canada balsam, &c.). Make a similar preparation on a second slide, 
adding a drop of iodine solution to the water in which the skin is 
mounted. 

Examine these preparations with a lens and if possible with a 
microscope or microprojcctor. 

We find that this skin is formed of a number of similar 
structures; these are the cells. Each somewhat resembles a 
narrow oblong box in shape and is bounded by a cell-wall 
formed mainly of a material called cellulose. These walls are 
the part of the cell that Hooke saw; they are not alive and 
may remain long after the living parts of the cell have vanished ; 
indeed, all cotton fabrics are woven from the walls of dead 
plant cells. Inside the wall is the living part of the cell, the 
protoplasm (cp. Fig. 5), a colourless substance which we shall 
examine more fully later. We noUce, first of all, a dense 
spherical body made of a special protoplasm (nucleoplasm) : 
It IS the nucleus, and is clearly marked off from the rest of 
the cell contents by its specialized outer surface, the nuclear 
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membrane. (Within the nucleus one or more smaller structures, 
the nucleoli, are often visible.) The rest of the protoplasm is 
known as the cytoplasm. It does not fill the whole of a mature 
cell, but always forms a thin layer (often very difficult to sec) in 
close contact with the ccU-wall (cp. Fig. 5B, D). The nucleus 
may be embedded in this, or may be centrally placed, in which 
case it is surrounded by a little protoplasm, while living 
strands of the same material extend across the space {vacuole) 
which occupies the middle of the cell (cp. Fig. 5 B, D) . Thus all 
the living substance is connected. More than this, the contents 
of one cell are linked up with those of neighbouring cells by 
fine threads of protoplasm (only made visible by a special 
technique) which penetrate the walls. 

Vacuoles are spaces in the cytoplasm very characteristic of 
mature plant cells. They do not occur in the same cells when 
young (cp. Fig. 5 A); in these the dense protoplasm fills the 
cell cavity. The vacuoles are filled with cell sap^ a watery fluid 
which contains various substances in solution. To complete 
our picture of the structure of a plant cell we must remember 
that the living contents are in motion inside the cell-wall. 
This movement may often be observed with the microscope. 

THE GREEN PLANT CELL. The cclls of thc onion scale arc 
colourless, but most plant cells are green. In the higher plants 
these green cells occur particularly in the leaves. 

Exercise. The leaves of mosses or of the Canadian water-weed 
(Elodca) are very simple in structure. Remove a young leaf from 
one of these plants, mount it in water, and examine with lens or 
microscope. In the living cell the cytoplasm and nucleus are often 
invisible. 

Fig. 5 C shows some green cclls from the leaf of Elodca. In 
addition to the structures already enumerated, each contains 
a number of small round green bodies which appear at first 
sight to fill the cell, imparting to it a very characteristic colour. 
They are protoplasmic structures known as chloroplasts which 
are scattered irregularly in thc colourless cytoplasm.* 

* Similar small but colourless structures, called plastids, which are 
forerunners of the chloroplasts, are probably present in nearly all plant 
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The protoplasm of the chloroplast is sponge-like, and holds 
a mixture of pigments — green, yellow, and yellow-red — in its 
meshes. The green pigment predominates; it is called chloro^ 
phyll and gives the well-known colour to all green plants. 

Exercise. Immerse some fresh leaves in warm methylated spirit, 
and leave until they are colourless. A solution of chlorophyll is thus 
obtained. Observe that this looks bright green when the light shines 
through it, but wine-red when light is reflected from its suiface. 

In most cells the chloroplasts are small spherical or ovoid 
structures which can grow and divide. Look for stages in their 
division (marked by a dumb-bell-like appearance) when you 
examine a moss leaf. Occasionally, these bodies assume a 
different form, as is shown in the next exercise. 


berclse. You are given some threads of Spirogyra, a green plant 
of simple structure which is often found floating on top of the water 
in ponds and shallow streams. Mount one or two of the threads in 
water and examine them with lens or microscope. 


A Spirogyra plant consists of a single row of similar cells which 

form an unbranched fllament. The structure of these cells is 

shown in Fig. 5 D. The chloroplasts are very striking, each 

consisting of a spirally twisted green band lying in the cell 

cytoplasm. The edge of this band is wavy and irregtilar, and 

conspicuous little structures called pyrenoids arc visible at 

intervals along its length. In some species of Spirogyra there 

is one such chloroplast in each cell, in others there may be 

sever^. Each cell has a cellulose wall, nucleus, cytoplasm, and 

vacuoles filled with cell sap, as in the plant cells already 
desenbed. ' 

•raE ANIMAL CELL. Let US comparc these plant cells with 
cells obtained from an animal. Figure 6 shows some simple 
animal cells which you can casUy mount for yourselves 


the inside of your check with a clean 
ipatula and mount on a shde in a little saliva. Make a similar 
preparation from the inside of the frog’s mouth, mounti^^^" 

In peen celb these dc^•clop into chloroplasts; in othen they mav 
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Fio. 6. Animal Cells and Tissues. A. Two cells from epithelial lining of 
human check. B. Two ciliated epithelial celb, and, C, a secretory cell, from 
lining of frog’s mouth. D. A nerve cell or neuron. E. Cartilage. F. Bone. 
In E and F the cells arc embedded in the matrix which they have formed. 

(All gready magnified and diagrammatic) 
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scrapings in a 0*75 per cent, salt solution. Examine these preparations 
with microscope or microprojector. 

The animal cell, lilce that of the plant, consists of cytoplasm 
and nucleus, but it is not enclosed in a non-living wall, being 
bounded by a living membrane. As a jelly when it begins to 
set may cover itself with a skin which, though in a different 
‘state* from the more liquid jelly within, is nevertheless a skin 
of jelly, so in these animal cells the surface consists of a film 
of more solid but living protoplasm. 

This absence of a non-living wall is one of the chief differ- 
ences between plant and animal cells. Another great difference 
is the absence from the animal cell of the green colour so 
characteristic of plants. In animal cells, too, very high 
magnification reveals a small body outside the nucleus, called 
the centrosome, which, as we shall see later, plays an important 
part in cell-division. These centrosomes rarely occur in the 
ordinary cells of plants, while, on the other hand, the large 
vacuoles which exist in so many plant cells are not found in 
those of animals. 

Farther exercises on cell structure. If you have the use of 
a microscope or a microprojector you should examine other cells; 
these instruments will reveal a whole new world. Among objects 
suitable for study are: 

(1) The epidermis stripped from a leaf of iris, daffodil, hyacinth, &c. 

(2) Small unicellular green plants such as Pleurococcus. These 
form the green powder that can often be scraped off the bark of a tree. 

(3) Hairs; e.g. root-hairs, hairs of Tradescantia, &c. 

(4) Pollen grains. 

(5) Cells obtained by teasing apart ripe plant tissues; e.g. tomato 
pulp, the flesh of an apple, privet berries, &c. 

(6) Cells seen in teased-out animal tissues, such as muscle cells. 

(7) Cc^ seen in prepared slides of animal tissues; e.g. cartilage. 

(8) Anim^ blood; e.g. frog’s blood, your own blood. 

(9) The tiny creatures which abound in stagnant water. 

CELLS AND TISSUES. In the higher plants and animals the 
cells are not aU alike but become specialized in structure, 
formng tosucs with definite funcUons. In many cases the 
waits of plant cells become much altered by the addition of 
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such substances as lignin (‘wood’) or suberin (‘cork’) to the 
original cellulose w^all. Often the living contents of the cell 
die as these changes occur, leaving only the walls. The cork 
which Hooke (cp. p. i6) described was a dead tissue of this 
kind, its cell-walls suberized. 

In flowering plants we notice particularly mechanical tissues^ 
in which the cell-walls are much thickened and strengthened 
to give support; corky tissuesy where structures impervious to 
gases arc required, as on the trunks of trees, covering winter 
buds, &c, ; conducting tissuesy through which water and food 
substances can move rapidly about the plant. Vessels are very 
important elements in such tissues (cp. Fig. 22 ). They are 
formed from rows of cells whose transverse walls are all more 
or less absorbed as the protoplasm dies and the walls thicken 
and lignify. 

In the higher animals the protoplasm of the cells often becomes 
highly differentiated and shows a definite organization, as in 
muscle cells, where it is striated, and in nerve cells (cp. 
Fig. 6D). Furthermore, the tissues of animals do not consist 
of cells only. The living cells are often separated by a matrix 
(cp. Fig. 6 E and F), which is not alive, though it has been 
formed by the cells which lie embedded in it. Bone is a tissue 
with a rigid matrix which separates the bone cells (bone 
corpuscles). This matrix, as is well known, lasts much longer 
than the living body of which it forms a part. 

These different kinds of cells form the tissues of the living 
body of the animal, each specialized to carry out its appropriate 
functions — muscular tissue for movement, glandular tissue for 
secretion, &c. The tissues arc grouped together to form organs, 
e.g. arms, legs, heart, stems, roots, leaves, &c. An organ is 
a part of the body specialized to perform certain definite 
functions. 

The structure of one of the higher plants or animals may 
therefore be expressed thus: 

Protoplasm -► cells -► tissues -► organs -► organism. 

PLANT AND ANIMAL CELLS COMPARED. Every ccll is a nucleated 
mass of protoplasm. There are, however, certain constant 
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differences between plant and animal cells which we may now 
conveniently summarize. 

(a) Contrast in structure. 

Typical plant cell Typical animal celt 

1. Has a non-living cellulose Its limiting layer is of protoplasm 

wall. and alive. 

Has a definite shape due to Its shape is not so definite* 
its wall. 

3. Possesses chloroplasts and Is colourless, 
chlorophyll. 

4. Has DO centrosome. Has a centrosome. 

5. Usually has large vacuoles Vacuoles, if present, are quite 

filled with cell sap. small. 

In plants or animals whose bodies consist of one or of a few 
similar cells we see very clearly that these differences in struc- 
ture arc directly related to differences in their mode of life. If, 
for example, we contrast a pleurococcus or spirogyra, both very 
simple green plants, with an amoeba or odicr simple animal, 
we find the following differences between their living processes : 

{b) Comparison of living processes. 

Typical simple planty c.g. Spirogyra Typical simple animal, c.g. Amoeba 

I . Cannot carry out movements Can move from place to place, 
of locomotion. 

a. Cannot ingestsolid food (land Can ingest solid food (i and a 
a depend on the presence of depend on the fact that the limit- 
a non-living wall). ing membrane is alive). 

3. Can make its own food from Cannot make organic food but 
simple inorganic substances must obtain it ready-made from 
(3 depends on the presence of a plant or another animal (since 
green chloroplasts, and can these cells are not green), 
only take place in the light). 

These differences, as will appear later, are not only true of 

simple plants and a^als, but arc true generaUy. They are 

me mndamental differences between the two great sub- 

mvisions of the world of living organisms, and we see that 

th«e differences in way of life are direcUy connected with the 
cell structure. 
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QUESTIONS ON CHAPTER 11 

1. Make labelled drawings to illustrate the structure of any 
flowering plant with which you are familiar. 

2. Make labelled sketches of the leaves, stems, buds, flowers, and 
fruits of any three flowering plants. 

3. Make sketches of any pet animal you possess, and label all its 
parts. Describe its organs and methods of locomotion, and say what 
you give to it for food. 

4. Sketch any three of the following: an earthworm, a fish, a frog, 
a reptile (e.g. a snake or a tortoise), a bird, a mammal. Say why they 
are all classed as animals. 

5. Describe the parts of a modem microscope, and give a labelled 
sketch of the instrument you use. 

6. Explain how you would obtain and mount a living green cell 
for examination under the microscope. Give a sketch of the cell, and 
describe its structure. 

7. Describe, with sketch, any non-green plant cell which you 
have examined. Say how it was obtained and how mounted for 
examination. 

8. Describe the stmeture of any animal cell, and point out the 
chief features in which it differs from a typical plant cell. 

9. If you were given any living object to examine, how would you 
try to determine whether it was a plant or an animal ? 

10. What do you understand by a cell? Describe as fully as you 
can the structure of Amoeba, Chlamydomonas, and a mesophyll cell 
in the leaf. (Ox.L.) 

11. What do you understand by the term ‘cell’? What arc the 
essential parts of a cell? In what ways do plant and animal cells 
usually differ from one another? (L.G.S.) 

12. If you were asked to classify a number of livdng organisms 
(including some microscopic ones) into plants and animak, by what 
considerations would you be guided? Illustrate your answer where 
possible, by reference to named examples. (C.L.) 



( 33 ) 


CHAPTER 111 

AMOEBA PROTEUS 

In the surface mud of fresh-water ponds we may sometimes 
find little specks of colourless protoplasm. Each speck is a tiny 
animal, its name Amoeba proteus. It is a unicellular creature 
of very simple structure, whose very existence remained un- 
known until fairly modern times. It was first described and 
drawn in 1755 by Roesel of Nuremberg, who examined it 
with a microscope of his own making. How is life maintained 
in so minute a creature? 

Exercise. Examine under the microscope a stained and mounted 
preparation of an amoeba. Examine also and sketch a living amoeba ; 
make several sketches to show how it is changing its shape. 

STRUCTURE AND uovEKiENTS. Tlie body of an amoeba, like 
that of every cell, consists of cytoplasm and a nucleus. The 
cytoplasm is of irregular shape, and is separated into : 

(1) An inner, granular liquid mass called the endoplasm. 

(2) An outer, clearer, more solid layer of ectoplasm. 

(3) A tough outer pellicle, forming the limiting layer or 
surface of the animal. (Cp. Fig. 7, p. 34.) 

The nucleus is not always visible in the living animal, but 
is easily seen after the application of a suitable stain. 

Other structures present are: 

A contractile vacuole. This is a clear space in the endoplasm 
which alternately fills up with a watery liquid and then 
contracts, expelling the fluid to the exterior. 

Food vacuoles. These are spaces in the protoplasm containing 

particles of food. Each particle is suspended in a minute drop 

of water. The food consists of smil fragments of organic 

matter, plant or animal. These vacuoles are not permanent 

organs; each one lasts until the food it contains has been 
digested. 

MOVEMENT AND THE INGESTION OF FOOD. If WC obserVC a 

40^ shape is constant!) 

B 




•Niv/ ps^i/(/opo(fi^ 
fjf course of 
form^tiort 


Contractile 

>^^cuoLe 

nucleus- 


'Food Vdcuoles 
containing 
food pari ffcLes 


Remains of <a 

pseudopodium 


34 INTRODUCTORY 

changing. It keeps thrusting out blunt processes called pseudo- 
podia. By these it moves in any direction whatever, crawling 
or gliding over the surface on which it rests; by these it also 
obtains its food. It simply thrusts out two pseudopodia, one 
on each side of any suitable morsel, and engulfs or ingests it, 
the pseudopodia meeting round the food particle. 


F lO. 7. Amoeba proteus in active movement, which is indicated by arrows. 

(Highly magnified) 

The formation of a pseudopodium begins by a bulging of the 
surface film or pellicle at one point of the animal’s surface. 
After this the ectoplasm in the neighbourhood becomes more 
liquid and begins to flow into the bulge, together with the 
liquid endoplasm and its granules. As the body is extended 
in one direction it shrinks in another; the protoplasm is 
obviously liquid. 

Some one once timed an amoeba in its progress across a 
microscope slide, and found that it took one minute to move 
0‘2 mm., or, in other words, that it was moving at the rate of 
12 mm. an hour. Not an overwhelming speed, yet the pace 
is apparently great enough for this animal’s somewhat 
leisurely existence. 
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LIFE PROCESSES IN AMOEBA 

FEEDING, DIGESTION, AND ASSIMILATION. Wc have Seen that 
an amoeba ingests little particles of solid food, plant or animal, 
engulfing at the same time a little water and so forming a food 
vacuole. The food in these vacuoles gradually disappears and 
is absorbed into the cytoplasm; in biological language it has 
been digested and assimilated. It is not easy to study these 
processes in so small an animal, but we shall examine them 
later when we study digestion in some of the larger forms 
(cp. Chapters XII, XIII, XIV). In an amoeba it has been 
shown that the fluid in the food vacuole, which is at first 
alkaline, becomes acid and then alkaline again. These facts 
suggest that chemical changes are occurring there which 
resemble those that take place in our own digestive organs. 
There a similar change from an acid to an alkaline reaction 
occurs as our food is converted into soluble substances with 
fairly small molecules. This conversion is the essence of diges- 
tion. These substances are absorbed and eventually built up 
into new protoplasm. This is the essence of assimilation. The 
indigestible residue is rejected. In Amoeba the animal simply 
flows away from it, discarding it at a temporary anus, while 
the food vacuole disappears when the digestion of its contained 
food is completed. 

To digest its food and to make the movements necessary for 
capturing it — indeed for all its living processes — an amoeba 
requires energy. How is this obtained? 

RESPIRATION. This is the name of the universal process by 
which protoplasm obtains energy. Oxygen from the surround- 
ing medium comes to the protoplasm; in an amoeba it passes 
through the surface pellicle dissolved in water. By means of 
this oxygen the fats, sugars, &c., which the protoplasm obtains 
in its food arc rapidly ‘burned’ there to provide the required 
energy. This process of oxidation is called respiration, and 
wc shall study it in much greater detail later (cp. Chap- 
ter XXI). It leads to the formation of waste matters, c.g 
carbon dioxide. ® 

EXCRETION is thc getting rid of any waste substances, and 
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also of any substances which, although absorbed into the body, 
are unwanted by it (cp. Chapter XXVI). In an amoeba most 
waste substances simply diffuse out through the surface proto- 



Fio. 8. Life Processes in Amoeba. A. Ingestion of food. Aj. Two 
pseudopodia are being thrust out to surround the food particle. A^. The 
particle has been ingested and a temporary food vacuole formed. B. Repro- 
duction by binary fission. B,. Nucleus dividing. B,. Nucleus divided. Cyto- 
plasm dividing. B,. Two ‘young’ animaU formed. A second contractile 
vacuole has developed. C,. Eneystment. Cj. Escaping from the cyst 

plasm, but the contractile vacuole is a definite excretory organ 
getting rid of superfluous water. This water perhaps contains 
a little nitrogenous waste. 

RESPONSE TO STIMULI. The amocba is sensitive to changes in 
its environment, as are all living organisms. If it is cold it 
moves slowly or not at all. Raise the temperature somewhat 
(about 30® G. seems to suit it best) and it moves more rapidly, 
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its vacuole contracts more frequently, all its living processes 
are accelerated. It dies if it is frozen. An amoeba responds to 
many other stimuli, electrical, chemical, mechanical, &c. This 
sensitiveness to stimuli is a character which it shares wth us 
and with all living things. It is one of the chief attributes of 
the living organism. 

REPRODUCTION. Wc havc Hot Completed our tale of the life- 
processes of an amoeba. How does its life begin — and end? 
Having fed and formed new protoplasm the animal grows, 
but not indefinitely. When it has reached its full size, repro- 
duction occurs. This takes place very simply by fission, that 
is, by division of the whole body into two similar halves. An 
amoeba does not die, unless by accident; its little life is not 
‘rounded by a sleep*; it just divides into two new and ‘young* 
animals. The nucleus divides first, the process being a 
complex one (cp. p. 42). Then the protoplasm becomes 
gradually tucked in between the two daughter nuclei until 
gradually the parent animal divides into two (cp. Fig. 8B). 
The two amoebae thus formed feed, grow, and become mature; 
then in their turn they reproduce in the same manner. 

ADVERSE CONDITIONS. Although merely a speck of unpro- 
tected protoplasm, an amoeba is capable of withstanding 
adversity. If drought, cold, or other dangerous conditions 
arise, it withdraws its pseudopodia, making its surface as small 
as possible, and then secretes round itself a protective covering 
(cp. Fig. 8G). Safely tucked up in this case or cyst, it remains 
dormant (encysted) until better conditions prevail. 

PROTOZOA. Such is the life of Amoeba proteus. We may 
regard it as typical of the life of any simple animal. Many of 
these unicellular forms (Protozoa) exist. They are found every- 
where: in sea and fresh water; in soil and air; in and on 
the bodies of other plants and animals. So numerous are they 
that their study forms a special branch of biology called proto- 
zoology. UniccUular plants are likewise legion. To the study 

scientists devote their whole working 
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QUESTIOXS ON CHAPTER III 

1. Describe the structure of an amoeba, showing how it obtains 
food and oxygen, and how it gets rid of its waste material. 

2. Describe the method of reproduction in Amoeba, showing the 
part played by the nucleus in this process. How docs this reproduction 
differ from ordinary cell-division? 

3. Mention some of the principal differences between living and 
non-living things. 

4. With special reference to Amoeba, give a detailed description 
of the diagnostic characters of a living organism. (L.G.S.) 

5. Give an account of the general structure and physiology of 
Amoeba. Illustrate with sketches. (C.W.B.) 

6. Why is an amoeba regarded as an extremely interesting 
organism? (C.W.B.) 

7. Give a fully illustrated account of the structure of Amoeba, and 
point out those features which are typical of animal cells. Compare 
the mode of nutrition of Amoeba with that of any mould you have 
studied. (L.G.S.) 

8. Describe all the features, both of structure and of function, that 
are common to all living cells. Show by reference to Amoeba and 
Spirogyra the main differences between plant and animal cells. 
(L.G.S.) 

9. Define the terms — (a) cell, (b) tissue, (e) organ, and (d) organism, 
and give one example of each. Under which heading would you place 
Amoeba, and why? (Ox.L.) 

10. Make a labelled drawing to illustrate those features of a living 
amoeba which you have seen under the microscope. Describe the 
movement and method of feeding of the animal. (C.L.) 

11. Explain why a rabbit and an oak-tree are (a) both described 
as living organisms, (b) placed in separate kingdoms. [Oversea 
candidates may read ‘mammal’ for ‘rabbit* and ‘tree’ for ‘oak-tree’.] 
(C.L.) 

12. How would you determine whether a body is (a) living or 
non-living, and (A) plant or animal? (Ox.L.) 
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CHAPTER IV 

THE GENERAL COMPOSITION OF LIVING MATTER 

Vital activity. All living things are, as we have seen, built 
up of cells, each cell being a nucleated mass of protoplasm. In 
studying the life of an amoeba we were studying the charac- 
teristic properties of living protoplasm. The chief of these 
arc: 

1. Irritability^ or the power of responding to stimuli; it can 
react to changes in its environment. 

2. Metabolism, the powcrofcairyingout the complex physical 
and chemical changes on which life depends. Constructive 
processes, which lead to growth and the formation of new 
protoplasm, arc called anabolic. The chief among these are 
food-getting, the ingestion, digestion, and assimilation of that 
food. Destructive processes such as respiration are called 
katabolic; by these energy is set free. 

3. Excretion. Excretory processes serve to eliminate the waste 
producu formed during metabolism. 

4 - Reproduction, the power of making more protoplasm like 
Itself. 

These properties all distinguish it from lifeless matter. 

PORsi Living creatures arc also distinguished by the posses- 
sion of definite and easily recognizable /ormj. The form even 
of an amoeba IS quite characteristic, in spite of the continual 
changes which it undergoes. There is some constancy under- 
neath these fiuctuations. We generally recognize individual 
plants and animals by their characteristic forms 

is r i! ‘‘""8 whose behaviour 

chemi. [ ^ I • ‘earned from a simple 

kills the necessary procedure inevitably 

blU the protoplasm. The aim of the modern biochemist I 

to mvcsugaie the chemical structure and reaciin,,. „r It! , • 
nibstancc, in which we, as biologists, are chiefiy interested! Tldf 
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is something much more than a chemical compound. It is 
a solution, usually neutral or slightly alkaline in reaction, of 
a large number of chemical substances, all dissolved in water, 
and it has a definite structure. It is immensely complex and 
unstable. 

Even the highest magnifications yet obtained with the 
microscope have not revealed this structure completely; with 
ordinary magnifications it often appears as a transparent, 
watery fluid; sometimes, as in Amoeba (cp. Fig. 7), it con- 
tains various granules and globules which make it somewhat 
opaque. It exhibits some of the properties of a jelly. It can, 
for example, easily pass from the fluid (sol) condition to the 
more solid (gel) state and back again, as does a solution of 
gelatin or glue when it melts or sets. These changes in the 
protoplasm are reversible. Just as they are in a jelly. This 
ability to change from a ‘sol’ to a ‘gel’ is characteristic of a 
whole group of solutions, called colloidal (Gk. kolhy glue). 
Gum and glue are solutions of this kind, and serve to illustrate 
some of their characteristic properties. In them the dissolved 
particles, though too small to be seen even with a very powerful 
microscope,’ are much larger than those of crystalloids. In the 
latter, e.g. salt solutions, the dissolved substances are present 
in the form of chemical molecules, or of those still smaller 
particles known as ions, each of which carries a minute electric 
charge. Perhaps you have already learnt something about 
these minute units of matter in your chemistry lessons. They 
are less than one-millionth of a millimetre in diameter. 

The degree of subdivision characteristic of colloidSy where 
the particles range in size (roughly) from one-millionth to one- 
ten-thousandth of a millimetre, exposes an enormous surface 
of the dissolved substance to the molecules of the solvent. 
Many of the characteristic features of colloids depend on tliis 
large interface, the diflfcrcnccs between the two types of 
solution being due to differences in the size of the dissolved 
particles, and not to any chemical differences. 

The work of recent years has made it clear that protoplasm 

* They can be made visible as points of light with an instrument known 
as the ultra-microscope. 
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is a colloidal system containing a large number of chemical 
substances, crystalloids as well as colloids, all dissolved in 
water, which forms from 6o to 90 per cent, of the whole. The 
younger, more vigorous, and more active the protoplasm is, 
the more water it contains. The chief dissolved substances 
contained in it are; 

1. Proteins. These are the most complex of all chemical 
compounds. They have very large molecules, consisting of 
some thousands of atoms arranged in a definite pattern. They 
contain the elements carbon, hydrogen, oxygen, nitrogen, sul- 
phur, and sometimes phosphorus, and are the most important 
constituents of the protoplasm; hence their name — proteins, 
a word meaning ‘of the first importance’. These substances 
are again described in Chapter V. 

2. Carbohydrates. These are compounds of the elements car- 
bon, hydrogen, and oxygen, in which the hydrogen and oxygen 

are in the proportions in which they occur in water (cp. Chap- 
ter V). ^ 

3. FatSy compounds of carbon, hydrogen, and oxygen, in 

which the ratio of oxygen to hydrogen is less than i : 2 fep 
Chapter V). ' 


4. Various inorganic salts, which may form about i per cent 
or more of the weight of the protoplasm. These salts arc 
Similar to those dissolved in sca-waten 

M these substances form protoplasm ; in muscle, for example, 

^cir rclauve proportions are; water 75 per cent., protdna 

19 per cent., carbohydrates 0-3 per cent., faU 3 per cent., 
mineral salts 3 per cent. ^ ^ * 

. ■'ROfOPLASM. How is this complex sub- 

ancients thought that life arose from 
Mother Earth-, from the sea, from slime; that bees f“ 

could be generated from the decaying carcass of an 
ox. Many such ideas were current in the pit; we Wv niv 

Ufr wT it” “ pre-existing protoplasm. 

Ufe begets life and. so far as our present knowledge goes “i 

plasm occl^ ^nul^Td” nL“«Ue°*cdirThe f 
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THE FORMATION OP NEW CELLS BY CELL-DIVISION. NcW CClIs 

arc always formed by the division of pre-existing ones, nuclei 
by division of pre-existing nuclei. Most organisms begin life 
from a single cell; by constant division, this may eventually 
produce a multicellular adult body. The nucleus is usually 
the first part of any cell to divide,* this division of the nucleus 
being soon followed by division of the whole cell. If the 
organism is unicellular, the Uvo cells simply separate (cp. 
Fig. 8), and we have two new individuals. In the case of 
multicellular organisms the new cells remain together and 
add to the size of the body; hence in these creatures cell- 
division usually leads to growth of the whole organism. 

Exercise. Examine onion cells (cp. p. 25), and carefully notice the 
nucleus and nucleolus. 

Exercise. Examine, with microscope or microprojcctor, slides 
•pecially prepared and stained to show stages in the process of 
nuclear division. 

DIVISION OF THE NUCLEUS. Thc chicf cvcnts in the division of 
the nucleus are illustrated in Fig. 9. Thc nuclear membrane 
soon disappears, and a number of solid deeply staining rod- 
like bodies, the chromosomesy become visible within. Some- 
thing very definite is happening here, for each plant or animal 
has its characteristic number of chromosomes which reappear 
at every cell-division. In human beings the number is 48. Each 
chromosome soon splits longitudinally, so that it is divided into 
two exactly similar parts. The two halves move apart along 
certain spindle fibres which have appeared in the cytoplasm, 
and from each of these groups of half-chromosomes a new 
nucleus is organized, which becomes enclosed in a new mem- 
brane. This division of the nucleus is soon followed by that of 
thc whole cell. If an animal cell is dividing, thc protoplasm 

* In animal cells division of thc centrosome precedes and initiates the 
division of the nucleus. 

Fio. 9 DESCRIPTION. A, CentTOSomc has divided. B. Nuclear net has 
become subdivided into separate chromosomes. C. Each chromosome has 
split lengthwise into two. D. Separation of the chromosomes. E. Nuclei 
re-forming; cell dividing. F. Two cells formed. (Diagrammatic) 
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Nuclear Division w an Animal Cell with Four Chromo- 

fouES. See p. 4a at foot 
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simply becomes tucked in between the tw'o newly formed 
nuclei. If it is a plant cell a new section of cellulose wall is 
formed, separating the Uvo nuclei. 



Fio. 10. Phoiograplis (taken through the microscope) of four stages ld the 

division of a nucleus. 


CELL-DIVISION, A suTkiMARY. We scc that the process of cell- 
division is a vciy intricate one. It is similar in nearly all cells, 
and proceeds step by step in an orderly manner, the behaviour 
of the chromosomes reminding one of a company performing 
some elaborate figure in a formal dance. The process usually 
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takes less than half an hour to complete, and perhaps there is 
nothing in the whole realm of biology which is better calcu- 
lated to make us realize the hidden and mysterious activities 
of which protoplasm is capable. The protoplasm is highly 
organized, and we must not think of a cell as like a single room, 
in which certain chemical processes are occurring in a higgledy- 
piggledy manner, as they occur during an ordinary chemical 
reaction in a beaker. The cell should rather be compared to 
a well-organized chemical factory, with different processes 
occurring in different parts of it, and where substances are 
being elaborated as fast as they are required. 

The microscope is a most useful instrument, but even its 
highest powers do not enlarge enough for us to see the structure 
of the protoplasm, and so much of this organization is still 
hidden from us. It is by its vital activities that we can best 
recognize protoplasm. We do not know what life is; we can 
only describe these activities. Every creature feeds, grows, and 
develops; responds to stimuli; excretes, and propagates its own 
kind. Every creature also has a characteristic form. These 

arc the unique properties of protoplasm by which its life is 
made manifest. 


THE EXPERIMENTAL STUDY OP LIVING lAATERIAL. It is pOSSiblc 

for even the least chemically minded of us to learn something 
for ourselves about the composition of Uving matter, for it con- 
tains water and various organic substances which are decom- 
posed by burning, leaving an incombustible residue, the ash. 

E^enment i. To determine the percentages of water, com- 
busuble matenal, and ash in any given substance we proceed as 
loUows. Weigh the given substance, e.g. fresh leaves, dry seeds, white 
of egg, a lump of yeast, lean meat, &c., and dry it in a watcr-jacketed 
oven until it reaches a constant weight. This weight is the dry weight 
of the given material. * 


The dry substance is now placed in a crucible and strongly heated 
mtd everythrng combustible has been decomposed into simpler 
mbstances, such as carbon dioxide, water, ammonia, &c., which 
^pe mto the air FmaUy only ash U left. By weighing this we 
the weight of combustible matter in our sample, and now a simnle 

'll '»= P~g« of w™om- 

oustible matenal, and ash contamed therein. 
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COMPOSITION OF CERTAIN LIVING ORGANISMS. TOO parts of 

living material contain: 



WaUr 

CombustibU 

material 

Ash 

IvCttuce leaves 

94-33 

464 

1*03 

Potatoes . , 

78-3 

aog 

0*8 

Jelly-fish 

95-39 

1*61 

30 

Carcass of Ox 

45-6 

49-8 

4*6 

EgSS • 

73-7 

25-5 

08 


COMPOSITION OP THE ASH. Analysis of the ash proves that at 
least six elements enter into its composition: sulphur (S), phos- 
phorus (P), potassium (K), calcium (Ca), magnesium (Mg), and 
iron (Fe). Many others are usually present, in particular 
sodium (Na), silicon (Si), chlorine (Cl), and iodine (I), 
sodium being, in animals, more abundant than magnesium. 

The ten elements carbon, hydrogen, oxygen, nitrogen, sul- 
phur, phosphorus, potassium, calcium, magnesium, and iron, 
found in all living substance, are often called the essential 
elements, for experiments (cp. p. 74) have shown that they 
are all absolutely necessary for healthy growth. It seems likely 
that many others are equally essential, though often the merest 
trace is all that is necessary. 

QUESTIONS ON CHAPTER IV 

1. \Vhat do you understand by the word ‘protoplasm*? Describe 
the appearance and distribution of the protoplasm in any cell which 
you have examined. 

2. Describe any experiments which you have performed or seen 
which illustrate some differences between crystalloidal and colloidal 
solutions. 

3. Enumerate and comment on the characters which distinguish 
living organisms from all non-living material. (L.G.S.) 

4. Say what you know of the chemical composition of protoplasm. 
Why is this an insufficient account of this substance? 

5. Give a short illustrated account of the process of nuclear 
division. 

6. Write short notes on: protoplasm, cytoplasm, chloroplasts, 
DUcleoplasnL nucleus, chromosomes. 
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PART II 

FOOD AND ITS MANUFACTURE 


CHAPTER V 
FOOD 

Every living organism must have food ; life cannot be sustained 
for long wiiliout it. What is this food on which all creatures 
depend? It is obv-ious that tlie source of supply is not always 
the same. An amoeba (cp. p. 33) lives on a mixed diet of 
minute plants and animals. Many animals thrive on very 
monotonous food; stick insects, for example, can live entirely 
on privet leaves, silk-worms on mulberry leaves, the cater- 
pillars of the cabbage-white butterfly on cabbage leaves; the 
clothes-moth larva devours cloth and fur; fleas and female 
mosquitoes suck blood, while many scavengers enjoy a most 
unsavoury diet; dung-beetles live happily on manure; germs 
abound and live on every type of filth. 

Passing to the highest group of animals, the mammals, we 
find that some arc purely vegetarian {heTbivorous) , as are the 
sheep and cow, rabbit and hare; others arc purely flesh-eating 
(.carnivorous) , as, for example, the cat, dog, lion, and tiger; many 
require a mixed diet. ^ 

Men can exist on the most varied foods. Europeans usuaUy 
eat both meat and vegetables; Greenland Eskimoes. who have 
a^eat capacity for physical endurance, are purely carnivorous, 
hwng on seal-meat, and the flesh of reindeer, walruses, and 
whales; the Hindoos, in accordance with their religion are 
strict vegetarians, except for the taking of a little milk. The 
Bahuma tnbe who live in the Ankole district of central Africa 
wbsist almost entirely on milk, though certain members cat 

“er ''^Setables, fruit, bread. &c.. are 

‘It may interest those who doubt whether a niir.lu min. j' . 
keep people heal.hy and strong to know"tttXt?r« t'^e^ 
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were tested in the Carrier Corps during the war and proved them- 
selves as fit for rough and trying work and as able to carry heavy 
loads as the members of the meat-eating tribes. In the King’s 
African Rifles, too, many of the young men gained excellent reports 
of their capacity for endurance.* (Roscoe, The Soul of Central Africa.) 

The study of feeding habits is extremely interesting, and the 
student should pursue it further. Whatever may be the source 
of food, we find that it is used because it supplies some or all 
of the following substances: 

1. Carbohydrates. 4. Vitamins. 

2. Fats. 5. Mineral salts. 

3. Proteins. 6. Water. 

Most of these substances, as we have seen (cp. p. 41), arc 
constituents of protoplasm, and hence they are necessary for 
its formation. 


THE AVERAGE PERCENTAGE COMPOSITION OF SOME COMMON 

FOODSTUFFS 


Food as purchased 
{before cooking) 

Protein 

Fats 

Carbo^ 

hydrates 

Water 

Ash 

Refuse 

(bone, 

dfc.) 

Sirloin of beef . 

171 

ifi 

• « 

58*2 

0*9 

130 

Leg of mutton . . 

* 5 ** 

14-7 

• • 

5*'2 

0*8 

i8*3 

Bacon (smoked) . 

9*5 

59-4 

• « 

10*4 

4*5 

8*7 

Chicken . . . 

12-8 

*•4 

• • 

43*7 

0*7 

41*6 

Mackerel 

I0*2 

4*2 

• • 

40*4 

0*7 

44*7 

Eggs 

13-9 

9-3 

0-3 

85*5 

0*9 

1 1*2 

Milk 

33 

40 

50 , 

87*0 

0*7 

• • 

1 

Cheese (Dutch) , 

37 -* 

n‘i 

• » 

35-2 

10*0 

• • 

Butter . . . 

1*0 

85-0 

• « 

I 1*0 

30 

• • 

Oatmeal . . 

i6'i 

7*2 

67-5 

7-3 

1*9 

• # 

Wheatflour . . 


ft 

75 'C 

1 1*9 

05 

• 4 

White bread . , 

91 

1 

53*3 

35-0 

1*0 

9 m 

Honey . • 

0*4 

» # 

8 I '2 

i8*2 

0*2 

• • 

Tomatoes , 

0-9 

0-4 

3-9 

94’3 

0*5 

• « 

Bananas (withoutskin) 

*•3 

• « 

10*9 

75-3 

0*5 

• • 

Oranges (witlioutskin) 

0-8 

0*2 

1 1*6 

86*9 

0*5 

a • 

Apples (without skin) 

0-4 

0*5 

14*2 

84*6 

0*3 

• • 

Dried peas 

23-0 

2*0 

570 

150 

3-0 

• • 

Brazil nuts (shelled) . 

17-0 

66*8 

7*0 

5-3 

3'9 

• • 
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THE POOD REQUIREifENTS OP A HUMAN BEINO. It haS been 

found that, in general, the food of an adult man who is not 
doing hard physical work must contain about loo grammes 
of protein, 500 gm. of carbohydrate, and 100 gm. of fat per 
day. It would take about 1 lb. of fresh meat or fish to supply 
this quantity of protein, about 1 1 lb. of flour or rice to supply 
the carbohydrate, and about i lb. of butter to give the required 
fat. But we do not get our proteins only from meat, or our 
carbohydrates only from flour; we eat a mixed diet and 
obtain each of these substances from more than one source 
(see adjoining table). 

THE CHEMICAL EXAMINATION OF CERTAIN FOODS. Although 
the chemistry of the foodstuffs is difficult, we cannot pursue 
the study of biology very far without knowing something about 
these materials on which life depends. 

CARBOHYDRATES, as we havc learned already (cp. p. 41), are 
compounds of carbon, hydrogen, and oxygen. Simple experi- 
ments soon demonstrate the truth of this statement. 

Experiment 2 . To show that starch contains these elements, 
gently heat a little in a dry test-tube and allow it to cool. The sides 
of the tube become covered with small drops of water. (Test with 
cobalt chloride paper or anhydrous copper sulphate.) Hence starch 
contains the elements hydrogen and oxygen. 

Reheat the test-tube and its contents. More fumes are given off. 
These contain carbon dioxide. (Test with lime-water on a glass rod.) 

Other fumes escape which arc smoky, smelly, and inflammabK 
(Try to light them at the mouth of the tube.) They are chiefly com. 
pounds of carbon and hydrogen. 

FinaUy a blackish substance is left in the test-tube, and continued 
hcatmg docs not alter this further. But if the experiment is repeated, 
mmg a crucible, which gives better contact with air, the black residue 
bums right away. It is carbon. 

By this experiment wc have shown that carbon, hydrogen 
and oxygen are present in starch. More chemical knowledge 
and more accurate experiments would enable us to show that 
ttese are the only elements present, and that they occur in 
the proportions expressed by the formula C,H,„ 0 .. Other 
commonly occurring carbohydrates are the sugars (there are 
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many kinds; cp. p. 54), cellulose, glycogen or animal starch, 
and inulin. They are all similar in chemical composition; they 
are all decomposed by heat. (Test this statement.) 

OILS AND FATS. Thcsc, like carbohydrates, are compounds 
of the elements carbon, hydrogen, and oxygen, but they con- 
tain less oxygen. We know how easily they ‘burn’, i.e. unite 
with oxygen. 

Experiment 3. To show that oils contain carbon, heat some 
olive-oil in a crucible and hold a lid in the fumes. It becomes covered 
with a deposit of soot, and soot is a form of carbon. 

PROTEINS arc extremely complex substances. In addition to 
the elements carbon, hydrogen, and oxgyen, they contain 
nitrogen, sulphur, and usually phosphorus. There are an enor- 
mous number of different proteins; their exact chemical for- 
mulae are only now being worked out. The following average 
figures give a rough idea of their composition: carbon 50-55 
per cent., hydrogen 6'7-7*3 per cent., oxygen 19-24 per cent., 
nitrogen 15-18 per cent., sulphur o*3-2‘4 per cent., phosphorus 
o* 4-0'85 per cent. Protein molecules are exceptionally large, 
consisting of hundreds, or perhaps thousands, of atoms. 
Casein, for example, the chief protein of milk, probably has 
a molecular weight of about 188,000; i.e. its molecule is some 
ten thousand times as heavy as a molecule of water and four 
thousand times as heavy as a carbon dioxide molecule. It is 
obvious that the study of proteins will be one of the most 
advanced and difficult branches of chemistry; nevertheless, 
we may learn a little about their composition by some simple 
experiments. Egg-white is well suited to this purpose, as it 
consists very largely of proteins dissolved in water. 

Experiment 4. Heat a little egg-white in a test-tube, and notice 
carefully the following facts: 

(a) The substance becomes opaque. 

(b) A colourless liquid is given off which b deposited on the sides 
of the test-tube. Test thb liquid; it is water. 

(c) Decomposition continues and fumes escape which: 

(i) Have an acrid smell. 

(ii) Turn red litmus blue. 

(iii) Cause a glass rod, dipped in strong nitric acid and held 
over the mouth of the test-tube, to ‘smoke’. 
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These three results indicate that the fumes contain ammonia, a 
gaseous compound of nitrogen and hydrogen (NH3), which is always 
formed when a protein is decomposed. 

{d) With continued heating dense cloudy inflammable fumes 
escape, similar in appearance to those given off by carbohydrates. 
They contain much of the carbon and hydrogen of the protein. 

(«) Finally a black mass of carbon is left in the test-tube. The 
protein has been completely decomposed. 

By such experiments we can illustrate the fact that proteins 
contain the elements carbon, hydrogen, oxygen, and nitrogen. 

MINERAL SALTS. Certain mineral salts are also essential to 
living protoplasm, which must obtain at least ten elements 
from its food materials (cp. p. 74), Most human races add 
common salt (sodium chloride) to their food. In certain parts 
of Africa and India, where this substance is rare, the natives 
suffer from ‘salt hunger’, and will cat it by the handful when 
they can obtain it, while many wild animals go long distances 
in search of it. Definite human diseases have been traced to 
a deficiency in mineral salts; for example, some forms of 
rickets arc due to lack of calcium or phosphorus, both these 
elements being required to build bone; lack of iodine causes 
one form of goitre; certain types of anaemia are caused by 
lack of iron. Hence, although these salts do not add appreciably 
to body-weight, they arc absolutely essential foods. 

VITAMINS. The last class of food substances which wc have 
to consider arc the vitamins. Until quite recently it was 
believed that a sufficiency of the food materials already 
described would maintain any individual in perfect health. 
The early navigators soon discovered, however, that they did 
not remain healthy if they lived entirely on preserved food; 
they developed scurvy, &c. They found that such diseases 
were prevented by the very smallest quantities of fresh food. 
Cartier, for example, during his second voyage to Newfound- 
land in 1535, gave a decoction of fresh pine-needles to his 
crew of 103 men, only three of whom were free of scurvy; the 
treatment proved successful. Captain Cook {1728-79) on his 
TOyages served out lemons to his crews to prevent this disease. 
We now know that every diet must contain small quantities 
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of certain organic substances, the existence of which only began 
to be suspected early in this century. The name vitamims (later 
spelt vitamins) was given to these substances by Funk about 
1912. Since that date our knowledge of them has increased 
very rapidly. At least eight different vitamins are now known, 
all of which are essential for health; indeed, life itself cannot 
be maintained long without them. Hence they are vitally 
important constituents of our food. Among human diseases 
which can be caused by a lack of them are rickets, scurvy, and 
beri-beri, while quite recently we have learned that decayed 
teeth are often due to a slight lack of vitamin D. 

Since many of these substances are destroyed by the processes 
of cooking, tinning, and preserving, they are best obtained 
from fresh food. In an ordinary diet, containing fresh milk, 
butter, and fresh fruit, there is abundance of these vitamins. 
Fresh milk has traces of most of them, and if only 3 c.c. of milk 
are added daily to a diet which is very deficient in vitamins, this 
is enough to keep one rat in good health. We see that in ordinary 
life we need not worry too much about the supply of these 
substances. It is on exploring expeditions, on board ship, in 
time of war, indeed wherever we have to depend on preserved 
food or on some very monotonous diet, that we must be on 
our guard against their lack. One place where we have to 
consider the supply of vitamins very carefully is in the feeding 
of young babies; their mothers* milk is very liable to be 
deficient in these substances, and even greater care must be 
exercised if they are fed on pasteurized or preserved milk. 
Orange-juice and cod-liver oil are given to make good any 
deficiencies. 

The eight vitamins so far identified are known as A, Bj, Bj, 
B3, B4, C, D, and E. These names were given when their 
chemical composition was quite unkno^vn. Since then the 
chemical formulae of at least four of them have been d^- 
covered, three have been synthesized, i.e. manufactured in 
the laboratory, and we can test for the presence of several of 
them by chemical means. The following table shows the chief 
foods fj om which we obtain the six better-known vitamins. 
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A 



1 

c 

V 

E 

egg-yolk 

yeast 

yeast 

orange 

cod*Iiver 

wheat 

cod-liver oil 

cereals 

milk 

lemon 

oU 

grain 

carrots 

milk 


fresh vege- 

cream 

olive-oil 

tomatoes 
green leaves 
cream 
yellow 
turnips 
•weet 
potatoes 
lettuce 
butter 

cgg-yolk 

meat 

oatmeal 

xnarmitc 

marmite 

j 

1 

1 

tables 
fresh milk 
uncooked 
meat 

milk 

most 

greens 

egg-yolk 

seeds 

grcca 

leaves 


TESTS FOR VARIOUS FOODS. It is uscful to bc able to ascertain 
what substances are present in any given food. Methods of 

tating for the presence of the commoner food substances are 
given in the table on p. 54. 

TESTS FOR VITAMINS. Until recently no chemical tests for 
vitamins (such as those given on p. 54 for starch, sugar, &c.) 
were known, and the presence or absence of these substances 
could only be tested for biologically. The method of carrying 

out such tests is extremely interesting, and we give a short 
account of it. 


Rats, guinea-pigs, and similar creatures are given a diet 
consisting of purified foods of which all the constituents are 
known. The diet must not contain the vitamin which is being 
tested for. The animals are fed on this diet until they develop 
definite symptoms due to lack of the vitamin. ^ 

They are then divided into two groups, the experimental 

^oup and the control. The substance which is being tested 

IS added in varying amounts to the food of the experimental 

g-oup. The control group continues to bc fed on the original 

dcficien^ diet. If the food undergoing test contains the 

vitamin looked for, the symptoms of disease will disappear in 

the «pcnmcntal animals whUe the control group continue 
CO suner. 

Notice here the importance of a proper ‘contror. It is 
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necessary in a large number of biological experiments. In the 
one cited we could not be absolutely certain, without such a 
control, that the recovery of the animals was not due to some 
other factor. 


TESTS FOR VARIOUS FOODS 


Food maUrials 

Test 

Result 

Starch . 

Add iodine solution 

Blue colour 

Reducing sugars 

Add Fehling’s solution and 
heat to boiling-point 

Brick-red precipitate 

Cane sugar 

Boil in acidulated water. This 


(A non-redu- 

converts it to a reducing 


dng sugar) 

sugar.* Add Fchling’s solu- 
tion (making sure that the 



acid b neutralized). 

Brick-red precipitate 

Oils and fats . 

1. (<z) Squeeze the substance 

1 A translucent stain cn 


between folds of filter paper 

the paper 


(i) tVash tlie stain in ether 
or benzol 

The stain disappean 


2. Apply Sudan III 

Salmon-red colour 

Proteins . . 

1. Miilon’s test. Add Millon’s 

Brick-red precipitate 


reagent and heat 

2. Xanthoproteic test: 

on boiling 


(a) Add strong nitric acid 
and warm gently 

A yellow colour 


(6) Follow by strong am- 

The yellow colour 


monia 

3. Biuret test. Add caustic 
potash solution, and follow 
by a copper sulphate solu- 

deepens to orange 


tion, added drop by drop 

Violet coloration 


• Sugars fall into two groups, reducing and non»reducing. Glucose, 
found in many plants, is a member of the first group, while cane sugar 
belongs to die second. The composition of cane sugar is expressed by the 
formula C|,H„Oxi; for glucose the formula is CeH,,0«; the one is a double 
(disaccharidc) sugar, the other a monosaccharide (cp. p. 142). When c^e 
sugar b boiled with dilute acid it is converted into two monosaccharide 
sugars, glucose and fructose, wliich give the ordinary Fchling’s test: 

C„H„Oa+ H ,0 = C,H„ 0 ,+ C.H„ 0 , 
cane sugar+watcr = glucose + fructose 

SUGGESTIONS FOR FURTHER EXPERIMENTAL WORK. Using 

tests given above the student is now in a position to examine 
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suitable material and to ascertain what food it contains. Seeds 
(c.g. broad beans, peas, monkey nuts, Brazil nuts, walnuts, 
&c.), fruits {e.g. apples, grapes, gooseberries, &c.), storage 
organs (e.g. carrots, beetroots, potatoes, parsnips, onions) arc 
suitable objects to examine. Solid substances, specially plant 
materials with their resistant walls, should be shredded, 
crushed with a pestle and mortar, or otherwise finely sub- 
divided before the various tests are applied. 

Bread, flour, and milk should also be examined, and the 
results obtained compared with those given in the table on 
p. 48. 

MILK A PERFECT POOD. 

Experiment 5 . Examine a drop of milk under the microscope; 
we find that it contains large numbers of minute round bodies, the 
fat'droplcis. When the milk stands these rise to the top as the cream. 
Leave some milk until it has turned sour (this souring is due to the 
action of bacteria which live on milk); a clear whey separates from 
the solid curds. Test the curds for protein; they contain the protein 
and the fat of milk. Test the whey with Fehling’s solution; it 
contains sugar. 

We learn that milk contains proteins, fats, carbohydrates, and 
water', appropriate experiments show that it also contains 
vitamins and mineral salts. Hence it contains everything essential 
to life, and is often called a perfect food. Since young babies 
are fed entirely on milk, and all children need large amounts 
of it, it is very important that this food as sold to the public 
should be clean and uncontaminated, free from disease- 
producing germs, particularly the germs which cause tubercu- 
losis. Much is being done by farmers, dairy men, public 
authorities, and the big milk-distributing firms to ensure a 
healthy supply, especially in the large towns. 

Each animal’s milk is the one best suited to its own young. 
Very small babies, for example, cannot tolerate cow’s milk, 
although its composition is so like that of their natural food; 
U has, by the addition of sugar, &c., to be made more like 
human milk before they can digest it Later the infant’s 
digesuvc powers increase, and before it is a year old it is taking 
bread, butter, &c., being able to digest most simple foods. 
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The important differences in composition between the two 
milks most used in feeding human babies are shown in the 
following table: 


PERCENTAGE COMPOSITION OF MILK 



FaU 

Milk sugar 
{lactose) 

Prottxn 

Mineral salts 
{ash) 

Human milk 

2-4 

6-o-7*5 

0-7-I-5 

oi5-0‘30 

Cow’s milk 

2-4 

3-5-50 

Q •5-4*0 

o*66-0’77 


QUESTIONS ON CH.iPTER V 

1. Name the chief classes of food substances, and say how you 
would test any given material to ascertain which of these foods it 

contains. v , . i • i 

2. What are proteins? What do you know of (a) their chcmica 

composition, (6) the tests by which you would recognize them? 

3. Give a list of the substances you ate either for breakfast or 
dinner, and explain as far as possible what food materials you obtained 

from them. . , 

4. Name three food materials rich in protein, three nch in carbo- 
hydrates, three rich in fats, and three rich in vitamins. 

5. What is meant by a ‘proper meal’? What substances must it 
contain? What do you think are the chief advantages of a mixed 

^ eV Write a short essay on mUk and the importance of a clean milk 

7!^ What are the principal forms in which food is stored by plants 
and animab? Describe tests which may be used for identifymg these 
substances. (L.G.S.) 
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CHAPTER VI 

THE SOURCE OF THE WORLD’S FOOD SUPPLY 

THE MANUFACTURE OF CARBOHYDRATES 

Tell me about that harvest held. 

Oh! Fifty acres of living bread. 

Harold Munro. 

Sources op food. The whole living creation cries out for food, 
famine being one of the most terrible scourges with which 
living creatures have to contend. Where does the desired food 
come from? If you look at the list of food substances given 
on p. 48 you will see that they are all either of plant or 
animal origin. Your own food tells the same story; eggs and 
bacon, greens and potatoes, &c. — go through the list; all these 
substances come from animals or from plants. 

Food materials are not manufactured in human factories. 
You read of flour mills, of sugar refineries, of beet-sugar 
factories, of bakeries, of the jam and fruit-bottling industries, 
&c. All these are closely connected with food-getting; but 
a little reflection shows you tliat they are extracting, refining, 
preserving, and generally preparing food substances which arc 
already in exbtencc. What is the ultimate source of the world’s 
food? Wlierc does it all come from? The following simple 
experiments will disclose the answer to this question. 

Experiment 6 . Take Spirogyra plants (cp. p. 27) which have been 
in the light and mount them in iodine solution. The microscope 
reveals that the cells contain little granuUs of solid starch (now 
coloured blue by the iodine) grouped round the pyrenoids (cp. Fig. 5). 

There is no starch in the water in which Spirogyra lives. Wlicre has 
It come from ? 

Experiment 7. Pick some green leaves from any plant which has 

been exposed to the sun. Place them in boiling water and then in 

warm methylated spirit. When the green pigments have been dis- 

wived out by the spirit, immerse the leaves in a solution of iodine. 

They berome blackish in colour because their ceUs contain innumerable 
Starch grains. 
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Espcriment 8. If thin sections are cut from leaves such as those 
used in the previous experiment, treated with iodine, and examined 
under the microscope, \vc can actually sec the starch grains in the 
cells. 

The leaf blade is little more than a mass of loosely arranged 
green cells grouped round the leaf veins. It is in these gieen 
cells, called the mesophyll cells (cp. Fig. 25), that the starch 
grains occur. 

Experiment 9. For this use leaves that have been exposed to the 
light. Cut them into small pieces and place them in a test-tube. 
Add Fchling’s solution, heat, and look for a brick-red precipitate. 
The result of such tests is usually positive. Green leaves contain sugar. 

POOD SUBSTANCES IN LEAVES. We Icam that green cells which 
have been exposed to sunlight contain starch and sugar. Some 
contain sugar only (e.g. onion leaves) ; some contain much 
sugar and little starch (e.g. violet and pansy leaves) ; others, 
and this is the more usual condition, contain much starch and 
less sugar. All contain carbohydrate food. 

Experiment 10. If now, repeating experiments 7 and 8, we 
examine green cells which have been kept about forty-eight hours 
in the darky we find that they no longer contain starch. 

Having discovered that starch disappears in the dark, we 
can begin the next experiment with leaves devoid of starch. 

Experiment ii. Remove some leaves from a plant which has 
been kept in the dark, testing one or two to make certain that they 
contain no starch. Place the remaining leaves with their stalks 
dipping into distilled water, and expose them for some hours to 
bright sunlight. Then kill, decolorize, and test with iodine as before. 

We find that these leaves now contain starch. 

Experiment 13. Repeat the above procedure with a Spirogyra 
plant which has been in the dark. Cut the filament into two, leave 
one half in water in the dark, expose the other half to sunlight. 
After some hours of such exposure mount both portions of the filament 
in dilute iodine solution. The one half (from darkness) contains no 
starchy the other half (from the light) contains obvious starch grainSy 
clustered about the pyrenoids. 

THE WORK OF THE GREEN CELL. Let US now carcfully consider 
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the conditions under which starch appeared in experiments 1 1 
and 12. There is no starch or any other carbohydrate in dis- 
tilled water, nor do these occur in air. We are therefore driven 
to the conclusion that the carbohydrates are made by the green cells 
themselves. Our experiments have revealed one of the most 
fundamental facts of biology. The green plant is a factory 
making the world’s food; not only tlie food required by the 
plants themselves, but all food whatsoever. All animals obtain 
their food, directly or indirectly, from plants. We begin to 
understand why over 75 per cent, of the world’s human 
population is engaged in agriculture. The farmers and their 
labourers are tending the factories which make our food. 

The whole process of food-making begins with the manu- 
facture of starch and sugar by green plant cells, and the 
extent of this great activity is best revealed by a few figures. 
It was estimated that, in one harvest, the German cereal crop 
alone contained 9,000,000,000 kilograms of carbohydrate food. 
One acre of wheat may yield about 2,000 lb. of grain and 
4,000 lb. of straw. This means that, on this one small field, 
about 3 tons of plant material have been formed. Multiply 
this by all the fields all over the world and you gain some 
slight idea of the green plant’s productivity. An average leaf 
produce in one season enough sugar to cover itself with a solid 
crystalline layer i mm. thick — i.c. with a layer of carbohydrate 
forty times thicker than the green tissues by which it was made. 


THE RAW MATERIALS USED IN THE MANUFACTURE OP SUGAR 

Thus the green ceU is a factory, making food. Uke any other 
tactory it requires both raw materials and a supply of energy. 

us now try to discover what raw materials it uses. Carbo- 
hydrates contain carbon, hydrogen, and oxygen (cp. p. 49), 

and hence th«e elements must be supplied by the materials 
used. DisuUed water will provide hydrogen and oxygen, but 
not carbon.^ How is the carbon obtained? Leaves grow 
exposed to air, of which the composition in round figures is: 

Nitrogen . . - per cent. 

Oxygen . . . 2l „ 

Carbon dioxide . , 0*04 „ 

Various rare gases . a trace 
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Can this mere trace of carbon dioxide be the source of the 
green plant’s carbon and hence of all the carbon in the world’s 
food? The following experiments help us to answer this 
question. 

Experiment 13. Take two similar plants which have been kept 
la the dark until their leaves are completely free of starch. (Test a 



Fio, II. Experiment to show that carbon dioxide 
is essential for photosynthesis 


leaf from each plant.) Place these plants under bell jars, as shown in 
Fig. 1 1. Air can enter the jars freely, but in one case there is caustic 
soda under the bell jar and soda lime in the tube through which 
fresh air enters. The air in this jar is thus deprived of carbon dioxide. 

Leave both plants for a day or two, and then remove leaves at the 
end of a surmy day. Kill, decolorize, and test them with iodine. 
There is no starch in the leaves which have been deprived of carbon 
dioxide, but it is abundant in the control leaves. 

CARBON DIOXIDE USED IN STARCH-MAKINO. Obviously thc 

carbon dioxide of thc air is a necessary raw material for thc 
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manufacture of carbohydrate food. A further experiment will 
show that the leaves actually absorb this gas. 

Experiment 14. Taic a tall gas-jar, put a little water at the 
bottom, and place some leaves with their stalks in this water (cp. 
Fig. 14). Now chaigc the jar with carbon dioxide, which, being a 
heavy gas, collects in the jar, driving the air out before it. Prepare 
a similar jar containing no leaves. Test the gas in each jar with a 
lighted splint. It goes out immediately; the gas no longer supports 
combustion. Cork up both jars tightly and leave on a sunny window- 
ledge until the next lesson. Again test the gas in each jar with 
a lighted splint. The splint remains alight and often bums more 
brightly than in ordinary air, in the jar containing green leaves. It 
goes out as before in the cootrol apparatus. 

The leaves have used up the carbon dioxide, and the jar now con- 
tains enough oxygen to support combustion. We must return to the 
source of this oxygen later. 

Hence carbon dioxide and water are the raw materials used 
by the plant in starch-making. 

THE SUPPLY OF ENERGY. Any Ordinary factory requires powcF 

(cner^) as well as raw materials. This is usually supplied as 

heat (from combustion), as electricity, or as water power, and 

« IS weU known that during a coal strike, or when the engines 

fail, the fact^ cannot work, however ample its supply of raw 

matcnal. Where docs the green ceU obtain its energy? It is 

wo^ng jmt « truly as a factory, and must have energy to 
carry on its work. 

Experiment 15. Partly cover tome leaves which arc cfSii «*» u j 

.0 plant with strip, of brown pap« ^n^SgTotL ^fS 
esi^. The paper stnp is doubled over the leaf lamina c 

fixed in position with paper-clips (cp. Fig 12 p Affl th' 

one day and leave till the nest 

have been exposed to the Ugh.^d "re Irw n”"'* 
a starch orint’ The h^t ^ wnere else. We have made 

on theTea?,'rck Me big “ptl^eTh 

-t^v^Ter std^l'oo^^^^ It"' contlTrl w^': IteS 

Sr “ssz Stss.;: - £ 
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making (photosynthesis or carbon dioxide assimilation) 
ceases. The work of the chloroplast is apparently to absorb 
light-rays so that this energy may be available for the process 
of manufacture. The chief starch-making (assimilating) organ 
is the leaf, and since the energy used by its green cells comes 
from the sun, we understand why the lamina of a typical leaf 
is always flat (of large surface) and thin (cp. Fig. 23); why, 
further, shade leaves are often found to be thinner than similar 
leaves growing in the sun; lastly, why water-plants cannot 
grow in very deep water (which absorbs the sun’s rays). Light 
must reach every assimilating cell. 

GREEN COLOUR ESSENTIAL FOR ASSIMILATION. In all OUT 

experiments on assimilation we have used green plant tissues, 
and we can now understand why they alone carry out photo- 
synthesis. 

Experiment 16. Let us examine some variegated leaves at the 
end of a sunny day. We sketch the leaves to show the distribution of 
the green colour, then kill, decolorize, and test for starch as before. 
The distribution of starch exactly coincides with the distribution of 
green colour. 

‘Chlorophyll*, says Sir A. Shipley, ‘is the most wonderful 
substance in our world. Without it life as we know it would 
be impossible.* 

For life is colour and warmth and light 
And a striving evermore for these. 

Our experiments have revealed many facts about the food- 
manufacturing process going on in green cells. Carbon dioxide 
assimilation or photosynthesis is the name given to this process, 
and by it the carbohydrates starch and sugar are made by 
green cells in sunlight. Let us summarize what we have 
learned concerning it. 

1. It occurs in green cells only, the chloroplasts absorbing 
the necessary energy. 

2. This energy must come directly from the sun (i.e. it 
cannot be stored); hence photosynthesis goes on only in the 
light. 

3. Carbon dioxide and water are the raw materials used; 
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the assimilating plant obtains its carbon dioxide from 

the air. 

4. Sugar is formed and the plant gains in dry weight. 

5. Some of this sugar is transformed to starch for temporary 


storage. 



Fio. la. Experiment to show that starch is only formed in those greeo 
cells which are exposed to light. (Expt. 15, p. 61} 



Fro. 13. Experiment to show that green colour is essential for photo- 

lynthesu. A. Frtsh l«af of variegated garden nasturtium, green parts shaded 

( X I). B. Same leaf, after iodine test. Shaded parts contain starch 

^ 6. Oxygen is set free as a waste product, assimilating plants 
giving off oxygen. 

We shaU return to demonstrate the last two points shortly. 
We do not yet know the full story of the actual method of 
manufacture. The carbon dioxide is apparently decomposed 
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by the living protoplasm and the carbon linked up with the 
water molecules to form a carbohydrate. 

A glucose sugar might be formed thus: 

6CO2+6H2O = GgHjaOe+eOa. 

This equation almost certainly represents the whole process 
in too simple a manner. A possible intermediate step is tliat 
suggested by the equations 

C02“|“H20 = dTjO-hOa 
and then 6CH2O = CgHjaOg.' 

CHgO is the simplest possible carbohydrate, formaldehyde. 
If it is actually an intermediate product in the process of sugar 
manufacture, it must be immediately transformed into sugar 
as shown above, for it is a poisonous substance and could not 
be allowed to accumulate in the protoplasm. However, 
theories about the actual chemical details of this process are 
not important for the beginner in biology. It is enough to 
realize that carbon dioxide and water are the raw materials 
used and that sugar is the first stable substance to be formed as the 
result of photosynthesis. 

SUGAR TRANSFORNtED TO STARCH FOR STORAGE. Sugar IS 

soluble in water, and the amount dissolved in the protoplasm 
and the sap of assimilating cells would tend continually to 
increase while photosynthesis was in progress. This obviously 
could not go on indefinitely, and when the sap contains more 
than about 0*5 per cent, of sugar we usually find it being 
rapidly converted into insoluble starch for temporary storage, 
this conversion being the work of an enzyme (cp. p. 126). 
The process taking place may be expressed by the following 
equation: 

= (C.H,„0,)„+nH20 

n sugar one starch , n molecules 

molecules ” molecule of water 

The process is one of dehydration, since water is set free. 
We see why starch is so often found in actively assimilating 
cells. It has been called the first visible product of assimilation. 

* This sugar molecule would contain 677*2 calories of locked-up 
(potential) energy. 
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THE SURPLUS OXYGEN. The equations given on the previous 
page show that water and carbon dioxide will, between 
them, provide more oxygen than is required for sugar-making, 
and experiment 14 has already suggested that the assimilating 
leaves may give off the surplus. 

The fact that they do so is most easily demonstrated on a 
water plant, as it is easy to collect a gas over water. 



Fio. .4. Experim^u to show A, that carbon dioxide is absorbed and B 
that oxygen « given off during photosynthesis ’ 


Whl^carbon dioJde^is*’^bMjd.” We now'^Ia'^'*'' “f"'' 

of Elodca or other suitable wat^.r P^^ce a funnel over a mass 

beaker of water Te tiTof t’b’T''"'. 

test-tube filled with water a* funnel with an inverted 

to allow the water to circulate frcel^ funnel is raised 

apparatus is now exposed to th ^ whole 

Bubbles of Z S set 1 ri light, 

water m the tlt-tubc. vtt" displace the 

tested with a glowing splint Fnol/ k collected it is 

the spUnt to break into flames Tl^ to cause 

given off oxygen. ’ fhe water plant has 

4061 


a 
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TRANSLOCATION OF CARBOHYDRATE FOOD AFTER SUNDOWN. 

One fact disclosed by our experiments still remains to be 
explained. How is it that green cells that have been in the 
dark for some time contain no starch? (Cp. experiment lo.) It 
is because after sundown the stored starch is gradually turned 
back to sugar, this conversion being the work of an enzyme. 
(We shall have many other examples of enzyme activity in 
the course of our work; cp. Chapter XII.) 

This sugar is soluble in water; it passes from cell to cell, 
and some of it reaches the leaf veins, through which it travels 
(in the bast; cp. Figs. 22 and 25) to other parts of the plant. 
The manufacturing cells arc thereby emptied of their surplus 
at night and the factories are cleared ready for renewed 
activity at daybreak. If we remove a leaf at sundown from 
an actively assimilating plant and keep it in the dark with 
its stalk in water, we interfere with this process oi translocation. 
The sugar cannot be conveyed away; hence such a leaf contains 
abundant sugar, as is easily shown by suitable tests. 

QUESTIONS ON CHAPTER VI 

1. Describe experiments by which you would prove that green 
leaves make food when exposed to light; say what you know of the 
nature of the food and the method of its manufacture. 

2. Under what conditions is starch formed in plants? Explain 
carefully how you would demonstrate its presence. (J.M.B.) 

3. Describe the changes which would take place in the air inside 

a closed vessel, containing green leaves, during exposure to sunlight. 

Account for these changes as fully as you can. (L.G.S.) 

4. A green leaf is removed from a plant at the close of a sunny 
summer’s day and another is removed next morning. What differences 
would you expect to find between the two leaves, and how would 
you demonstrate it? Account for the differences as fully as you can. 
(L.G.S.) 

5. What is chlorophyll? Explain its supreme importance to 
organic life. (Ox. & C.) 

6. What is photosynthesis, and where does it occur? What condi- 
tions must be fulfilled if the process is to take place? Describe two 
experiments in support of your statements. (L.G.S.) 

7. Bubbles of gas are often seen rising to the top of an aquanum 
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in which green plants arc living, especially when the sun is shining on 
it. Of what do these bubbles consist? Give an account of the process 
leading to their formation. 

8. What are the functions performed by chlorophyll and light in 
the manufacture of food for the use of plants? Illustrate your answer 
by reference to experiments you have seen performed. (C.W.B.) 

9. How would you show experimentally that a supply of carbon 
dioxide is necessary for starch formation in a green leaf? (C.) 

^ 10. What do you understand by photosynUiesis (carbon assimila- 

tion) in plants? Why is this process of great imporunce in nature > 

How would you test for the products of photosynthesis in a green 
Iciif? (L.G.S*) 


11. How would you demonstrate the presence of starch in plants? 

What conditions are necessary for its formation? (Ox.L.) 

12. Enumerate the conditions that must be present before photo- 
synthesis can take place. Select any two of these conditions, and in 

each case describe carefully an experiment which demonstrates that 
this condition is essential. (J.M.B.) 

13. ^at is photosynthesis? What experiments would you carry 
out to demonstrate the conditions under which it occurs? (L.G.S.) 

14. In what parts of the plant are carbohydrate foods hrst made 
from morganic materials? In what form, and by what route, do these 
foods travd about the plant? In what form arc they stored as 
reservo. Describe any two plant organs in which different types of 
carbohydrate arc stored. (J.M.B.) 

tht) experiments by which you could show 

that (a) carbon dioxide is absorbed, and (6) o.xygen is given off in die 
process of carbon assimilation. (Ox. & C.) B veu on m me 



( 68 ) 


CHAPTER VII 

THE SOURCE OF THE WORLD’S FOOD SUPPLY 

{contimud) 

THE ^LAXUFACr^L^RE OF OILS AND FATS, PROTEINS, 

\TTAMINS, BY PLANTS 

F ATS AND orLS. Wc havc seen that carbohydrate foods owe 
their origin to green plants. Many plants also contain oilj 
large quantities are found, for example, in certain seeds; 
Brazil nuts contain 68 per cent., walnuts 52 per cent., coco- 
nuts 65 per cent., castor-oil seeds 24 per cent-, sunflower seeds 
38 per cent., and so on. Such seeds are often of considerable 
commercial importance. 

Exercise. Test the above seeds for oil (q5. p. 54). 

These oils are almost certainly formed from carbohydrates 
made during photosynthesis. The following figures illustrate 
this fact; they give the relative amounts of oil and carbo- 
hydrate in the ripening seed of the almond, and show that as 
the one increases the other decreases. 



June gih 
JuJy 4ih 
August 1st , 
September ist 


PfT cent, fat 

Pet cent, catbof^drate 

2 

34 * 

10 

23*2 

37 

8-8 

1 44 

' 7-6 


It is interesting to find that a similar change of carbohydrate 
to oil takes place in the leaves of evergreens as winter ap- 
proaches; the carbohydrates reappear with warmer weather. 

OILS AND FATS ARE MADE BY GREEN P1_\NTS. Plants make oilS 

and fats as well as carbohydrates. These substances are not, 
as a rule, formed dirccdy from carbon dioxide and w’atcr, but 
indirectly from some carbohydrate. The cells which bring 
about this change (e.g. the cells of the almond seed) are not 
always green cells, nor is the necessary energy derived direedy 
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from the sun. We shall see later (Chapter XXI) how it is 
obtained. These oils are usually formed where food has to be 
stored; they occur as droplets in the storage cells, these drops 
being clearly visible under the microscope. 

_ In certain minute floating plants which occur in enormous numbers 
in the surface waters of the ocean (constituting the plankton com- 
munity), oU and not starch seems to be the usual end product of 
^milation. This is probably connected with the fact that oQ is 
Ughtcr than water, sUrch heavier. If the plankton stored any 
quantity of starch it would have difficulty in keeping itself afloat. 

fat. Animals obtain aU their food directly or in- 
du-cedy from plants, and plant fat is often transformed into 
animal fat. Marine animals, for example, obtain oil from the 
p anlcton which is the ultimate source of so much of their food, 
nd wc find large quantities spread through the flesh of such 
Thc'flLh ^ herrings, whales, seals, and sea-gulls. 

entirely dependent on plant fat, how- 
cr, but can make it for themselves from carbohydrates- we 
oursrivra make it from the starch of bread, potatoes'^&c Oxen 

about an acre of good grass-land; about 46 per cent of thf 

"“‘tired for us by the cow in the same svay ’ •’ 

bodf^ a res'e^'rof Zd whTf " ‘»'- 

scarcity. in times of 

chTStu^.lX^pSS’' W Xr- - ‘•’o 

learned already, we shTnmte 

firouins. like carbohydrate aTd fa^ ‘*““ver that 

•nargamc substances by lining plant cdh. «<npls 
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Since proteins contain nitrogen (p. 50) it is clear that water 
and carbon dioxide alone cannot serve as the raw materials 
for this synthesis. Where does the plant obtain the necessary 
nitrogen? At first sight the obvious answer would seem to be 
‘from the nitrogen of the air*. There is only 0*04 per cent, of 
carbon dioxide in the atmosphere, yet tliis mere trace supplies 
all the carbon wanted for photosynthesis. There is 78 per cent, 
of nitrogen. Surely this can supply the nitrogen that is 
required ? 

The argument is a plausible one, but it happens to beuntrue. 
In i860 the experiments of a great French scientist, Boussin- 
gault, proved finally and conclusively that the ordinary plant 
cannot use atmospheric nitrogen. 

boussingault’s experiments on the source op plant 
NITROGEN. He grew plants in the apparatus shown (Fig. 15). 
The soil was sterilized, and was shown by careful analysis to 
be quite free from nitrogen. Seeds were sown in the soil, and 
other similar seeds were analysed to see how much nitrogen 
they contained. In this way the amount of nitrogen present 
at the beginning of the experiment in each of the see^ used 
could be calculated. 

The plants were given air containing carbon dioxide, supplies 
being constantly renewed by the tube A. The entering air was 
deprived of ammonia (a compound of nitrogen and hydrogen 
which often occurs as an impurity in air) by causing it to pass 
through sulphuric acid. There was also a device {B) for 
watering the plant, distilled water only being used. 

Thus all the raw materials coming to the plant were abso- 
lutely controlled. The apparatus was placed in the light, and 
the plants were allowed to grow for several months. At the 
end of that time the nitrogen content of these plants was care- 
fully determined by chemical analysis. Mo increase in the amount 
of nitrogen was ever delected. 

The green plant cannot use atmospheric nitrogen; it is quite 
unable to tap that vast store. Any growth which had occurred 
in Boussingault’s experiments had been at the expense of the 
nitrogen compounds stored in the seeds. When this supply 
was exhausted all growth ceased. This result, in view of the 
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prevailing ‘economy of nature*, is a very surprising one ; never- 
theless, it has been amply confirmed. Plants starve if given no 
other source of nitrogen than the nitrogen of the air. 


Entry of 
purified sir 


Entru of 
distilled 
wster 


smmm 
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Liquid which makes sppsrstus str-tiyht 


F™. .5. Bou^ingaulf, .pparanu, u«d by him to provo that planb can- 

not use the nitrogen of the air 

THE SOURCE OF THE PLANT*3 NITROGEN. If plants CannOt USe 

the nitrogen of the air, where do they obtain this essential 

from the sou 

VW water, pond water, and soU water arc all similar in com* 
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A COMPLETE CULTURE SOLUTION 


Distilled water . 
Potassium nitrate 
Ferrous phosphate 
Calcium sulphate 
Magnesium sulphate 


2 litres 
1 gramme 
0'5 >» 

0-25 5 , 

0-25 „ 


This solution (^ 4 ) contains only one salt of nitrogen, potas- 
sium nitrate. Make up a second similar solution {B) containing 
I gramme of potassium chloride instead of the potassium 
nitrate. If we grow two similar plants in solutions A and B, 
we see the result of growing one of them in a soil solution from 
which one of the usual constituents, namely, some soluble 
nitrogen salt, has been omitted. Such experiments are called 
water cultures. 


A WATER-CULTURE EXPERIMENT. 

Experiment i8. Take two large {2-litrc) cleaned and sterilized 
gas-jars. Fill one \vith solution A, and the other with solution B. 
Choose nvo well-fitting corks. Each cork has a slot through which 
tlie plant can pass, and a hole to admit a glass tube. The cork is 
sterilized by passing it through a fiame or by coating it with paraffin 
wax. 

Suitable plants for these experiments are those that grow easily 
from cuttings (e.g. willow, Tradescantia, &c.) or seedlings containing 
no great reserve of stored food (e.g. sunflower, marigold, &c.). 

If using seedlings the roots must be well washed with distilled 
water. Each plant is then fixed through tlie slot in the cork by a plug 
of cotton-wool. 

The experiment can now be started. The jars are placed in a sunny 
window. Brown paper is wrapped round each to keep the roots dark. 
The solution should be aerated about once a week, a little air being 
pumped in through the glass tube. If the experiment continues for 
some time it is as well to lift the plants each month, to wash the roots 
thoroughly in distilled water, to clean the gas-jars and refill with fresh 
solution. The result of one such experiment is shown in Fig. 16. 

We learn that plants starve if they arc not provided with 
a suitable nitrogen compound ; they cannot use the free clement 
as it occurs in the air. The majority of plants require the 




V 

experiment 

e W.lf^ f-^‘ a. Without nitrates, i. Complete solution. 
t. Without iron; the leaves are yellow. The plant used was 

buckwheat 
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soluble salts of nitrogen called nitrates; a few can use ammo- 
nium salts. If deprived of these nitrogenous compounds plants 
cannot make proteins. 

ASSIMILATION OF NITRATES BY PLANTS. We know very little 

about the actual method of protein manufacture; it is one of 
the trade secrets of the plant. It seems probable that some 
simple carbohydrate is first formed. A part of this is synthesized 
to sugar; the rest is combined with nitrates to form various 
intermediate products and, finally, proteins. Leaves arc im- 
portant centres of protein formation; but it is not yet known 
with certainty whether all plant cells have this power, or only 
green cells. Light is not required; if leaves are floated on a 
solution of sugar and nitrate they can make protein even in 
the dark; we conclude that, although light is essential for the 
synthesis of carbohydrates, it is not necessary for the later 
stages in the synthesis of protein. 

VITAMINS. We have not exhausted the tale of the plant’s 
synthetic activities. It also makes vitamins. This will be 
obvious from the list given on p. 53 of some of the materials 
in which vitamins are found. We know little, as yet, about the 
processes by which they are manufactured. 

THE FORMATION OF PROTOPLASM. Thc final synthcsis carried 
out by the plant is the formation of new protoplasm, which it 
makes if supplied with energy, and with water, carbon dioxide, 
nitrates, and other soluble salts. At least ten elements — thc 
so-called essential elements — are necessary for healthy plant 
growth, and the omission of any one of them will stunt the 
plant and prevent its normal development. We may demon- 
strate these facts experimentally. 

Esperiment 19. Repeat the water-culture experiments, leaving 
out one or other of the essential elements. Replace potassium nitrate 
by calcium nitrate in one jar, and so deprive the plant of potassium. 
In another jar omit the calcium sulphate so that the plant can get 
no calcium. In a third, replace the ferrous phosphate by potassium 
phosphate and grow the plant in a solution containing no iron. Set 
up all these jars in the manner already described (experiment 18). 
Fill a control jar with the complete solution and another with distilled 
water only. Keep all the jars under similar external conditions and 
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record the growth, noticing the rate at which leaves unfold, lateral 
roots arise, when branch stems appear and so on, in the various jars. 

If we omit any of the essenti^ elements we find that we stop 
healthy growth and development. A most striking result is obtained 
by omitting iron; tiic plant becomes yellow and sickly, iron being 
necessary for the formation of chlorophyll. 

THE SYNTHESIS OP FOOD BY GREEN PLANTS. Green plants are 

the sole manufacturers of organic foods from inorganic 

materials. Because of this work done by plants, animals are 

saved the necessity of making their own food. Obtaining 

It ready-made, they have more energy to spare for other 
acQvities. 


The animal can only raise the complex substances of dead proto- 

‘*''*"6 protoplasm; 

while the plant can raise the less complex substances— carbonic acid, 
“itrogenous salts-to the same stage of living protoplasm.* 


Wen we know these facts we look at the green plant with 
fferent eyes. ScienUsts, by experiments similar to those we 
have described, have wrested from it some of its secrets. Much 
mnains to be learned. VVe may wcU echo the words of 


Flower in the crannied wail, 

I pluck you out of the crannies;— 

I hold you here, root and all, in my hand. 

Little flower — but if I could understand 
What you are, root and all, and all in all, 

I should know what God and man is. 

carbon^hvH limitations. A plant supplied with pure 

infalUbiyd^c and the like would 

of preopw-' ‘>y ““ ‘i' 
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QJJESTIONS ON CHAPTER VII 

1. What do you know of (a) the composition of oils and fats, 
(b) their manufacture in the bodies of plants and animals? How 
would you test a seed for the presence of oil? 

2. Give a list of (a) the chief plant fats, or oils, (6) the chief animal 
fats (or oils) known to you which are articles of conimerce, and say 
what you know of the use to which each is put. 

3. What do you know of (<2) the chemical composition, (A) the 
method of manufacture, of proteins? From what foods do British 
people usually obtain the proteins they require? 

4. What do you understand by a ‘water-culture experiment’? 
Describe in detail how you would set up and carry out such an 
experiment, and what you would expect to learn from it. 

5. What is a complete culture solution ? Give its exact composition, 
and show how you would demonstrate that each ingredient is neces- 
sary for the life of the plant. 

6. Give a list of the elements always found in living matter. 
Explain why carbon is the only one of these elements which is not 
supplied by a complete culture solution. 

7. Describe how you would prove that green plants cannot make 
use of the nitrogen of the air. 

8. What substances does the root take from the soil? What use 
does the plant make of them? (B.) 

9. Enumerate the principal minerals which constitute the raw 
materials of plant food. How would you proceed to show which of 
tlicse are essential for the full development of the plant? (C.W.B.) 

10. How do plants obtain their food? Of what substances docs 
this food comist? In what ways does it differ from the food used by 
animals? (G.L.) 

1 1. From what sources and by what methods do living organisms 
get nitrogen? Give definite examples. (G.L.) 

12. Nitrogen is a constituent of all living matter. Explain (a) how 
plants and animals obtain their respective supplies of nitrogen and 
(b) what becomes of this nitrogen after it has entered the living 
organism. (G.L.) 

13. What arc the injurious effects of removing the leaves from an 
actively growing plant? Why are the leaves of plants essential for 
animal existence even though many animab do not cat them? (Ox.L.) 
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CHAPTER VIII 

HOW RAW MATERIALS ENTER PLANT CELLS: 

DIFFUSION AND OSMOSIS 


Entry of raw materials. We have learned that green plants 
make the food of the world, the process of manufacture starting 
with the synthesis of carbohydrates from carbon dioxide and 
water. Later other raw materials, e.g. nitrates, sulphates, and 
other salts, arc required for the manufacture of proteins. We 
must now ask how these substances pass into the cells. 
Obviously they must penetrate the cell-walls, since in these 
there are no apertures tlirough which solid substances can 
enter. 

To show that certain substances dissolved in water can pass 
through the walls of plant cells we set up the following 
experiment: 

Experiment ao. Add some methylene blue to water in a watch- 
glaw until the water is tinged faintly blue. Immerse some living 
Spirogyra filaments in it and leave for two or three days. Then mount 
the filaments in water and examine with a microscope. We find that 
some of the colour has passed into the cells and has become concen- 
trated there. The liquid in the vacuole is quite blue. 

methylene blue has passed into the Spirogyra cells— but 
how? What force sets it in motion? What makes these mole- 
cules force their way through the cell-wall and the protoplasm ? 

We can only answer these questions by considering the condi- 
tions in a solution. 

G^EOUS DIFFUSION. We know that a gas (coal gas, ammonia. 
&c.) scaping at one point in a room will soon spread through 
the whole building, even if the air in that building is quite still. 
On this fact depends the efficacy of gas-attacks in modem 


phenomenon 13 known as diffusion. The molecules of 
gas are m conUnuous motion. They constantly collide 

arc^ci^lted* Th"'* they 

arc enclosed. This causes them to spread out (diffuse) through 
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any space in which they are liberated. In a mixture of gases, 
such as air, the molecules of the different ingredients of the 
mixture diffuse quite independently of one another^ from places 
where they are more concentrated to points of lesser concentra- 
tion. The final effect of this diffusion, in which each substance 
moves at a different rate, is to disperse all the gases of the 
mixture evenlv. 

4 

DIFFUSION OP SOLUTES. The molecules of a dissolved salt are 
likewise in motion, and they spread out through any liquid 
in which they are dissolved. This is easily demonstrated by 
a simple experiment; 

Experiment 2t, Wash a lump of copper sulphate, put it at the 
bottom of a tall gas-jar; fill this to the brim with water, cover it with 
a glass plate, and leave the apparatus undisturbed for some w'ceks. 
The copper sulphate dissolves and the blue ions (cp. p. 40) gradually 
spread upwards through the water. If left long enough the whole 
liquid becomes uniformly blue. (If possible, the temperature should 
be kept constant during this experiment, to prevent more rapid 
movement due to convection currents.) 

Diffusion causes the molecules of every such dissolved substance 
to spread out evenly through the solvent.* If there is more 
than one substance in solution, these all become equally 
dispersed. Furthermore, if two different aqueous solutions arc 
in contact, diffusion of crystalloids will take place across the 
surface between them until all the dissolved substances arc 
scattered evenly through the solvent. 

Thus there are molecular forces in solutions which might 
cause dissolved crystalloids to enter plant cells. Outside the 
cell is the soil solution, inside the sap. The tw'o are of different 
strength, have different substances in them, and if they were 
in contact diffusion would take place. But in plants we are 
not dealing with simple diffusion, for the molecules in the soil 
water have to pass through two membranes before they can 
reach the sap. Consider the conditions under which the 

* One striking difTercnce between crystalloids and colloids (cp. p. 40) is 
that the former diffuse rapidly, while in colloidal solutions there is practically 
00 diffusion. 
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methylene blue entered the Spirogyra cells in experiment 20. 
It had to pass through both the cell-wall and the protoplasm. 

DIFFUSION THROUGH A MEMBRANE. Wc must therefore try to 
discover how the process of diffusion is modified by the 
presence of such membranes. Suppose, for example, we in- 
serted one across the gas-jar used in experiment 21, so that 
the dissolved copper sulphate was below the membrane, pure 
water above. What would be the effect? This would obviously 
depend on the nature of the membrane. If it were quite 
permeable to both the water and the dissolved salt, there could 
be no further exchange between the two liquids. If it were 
permeable to both, diffusion would proceed as before, until the 
whole liquid was a solution of equal strength, i.e. until the 
particles of the dissolved substance were dispersed equally 
through it; the only effect of the membrane would be a possible 
slowing up of the whole process, due to the fact that the 
particles must penetrate it. 


SEMI-PERMEABLE MEMBRANES. OSMOSIS. But supposc thc mem- 
brane were permeable to the smaller water molecules, but 

impermeable to the larger molecules ofthe dissolved substance. 

buch a membrane is described as semi-permeable to that sub- 
stancc. Wc find under such conditions that water passes rapidly 
through the rnembrane into the solution. This passage of water 
across a semi-permcablc membrane from a weaker into a 

Dy the lollowing expenments: 


« To illustrate the la™ of osmosis, take a What- 
s diffusion shell (or use a piece of pig's bladder tightly stretched 
and fixed over the end of a thisUe funnel). Soak the shell until 

Fm ?he‘ sT ^ ““'■■y‘''S a long length of glass tubing’ 

Fm the sheU with strong sugar solution (dilut«l treaciramweS 

Now mark the level of'Ll^lufionrrg'lLITubetd itT^^th ' 
diffusion shell in a beaker of water. ® ^ immerse the 

a few hours it will hlvlfrtMTevcr^fect °Wh 
fuU, watch to ascertain that the level is Mill risilir 

beaker of water and replace it with a ~ 



8o 


FOOD AND ITS MANUFACTURE 

concentrated sugar solution, you \vill find that the level begins to 
fall and that this iall is continuous. 

Experiment 23. An excellent membrane for osmosis experiments 
can be prepared in the following way. Take a porous pot, immerse 
it in boiling water; take it out and, while still hot, fill it with melted 
hectograph jelly. Move the jelly about until a film has formed over 
the inner surface of the pot, and then pour out the remainder. 

Now fill the pot with treacle, insert in it a stopper carrying a long 
glass tube, making the joint between stopper and porous pot tight 
with rubber solution. Immerse the pot in water, as in the previous 
experiment, and observe the rise (often of many feet) due to water 
entering the pot by osmosis. After some time test to sec if any treacle 
(sugar) has escaped into the surrounding water. 

These experiments show us iltat water always passes by 
osmosis from the weaker into the stronger solution. By diffu- 
sion, on the other hand, the substance spreads out from places 
where it is more concentrated to regions of lesser concentration, 
i.e. from the stronger into the weaker solution. These differ- 
ences should be carefully noted. The process of osmosis dilutes 
the stronger solution, so that in this way (and not as in 
diffusion) the two become more equal in strength. The next 
experiment illustrates the process of osmosis in plant cells. 

Experiment 24. Peel a potato and cut it into thin slices of 
approximately equal thickness. Gently wipe the outside of each slice 
with filter paper. Now weigh out two sets of slices (A and B) of equal 
weight. Immerse set A in tap water and set B in strong salt solution. 
Leave both sets for an hour; then dry as before to remove surplus 
moisture and weigh again. Set A has gained in weight and the slices 
are stiff (turbid). Set B has lost in weight and the slices arc soft and 
pliable {flaccid). Water has obviously passed into the cells of A, in- 
creasing both their weight and turgidity. But something has passed 
out from the cells ofB,as these slices have lost both weight and rigidity. 

DIFFUSION AND OSMOSIS, A SUMMARY. The abovc experiment 
shows that plant cells can only absorb water under certain 
definite conditions. If the soil solution is too strong, water may 
actually be sucked out of the cells; for this reason over- 
manuring, especially with easily soluble artificial manures, can 
do positive harm. 

There are two processes by which raw materials enter plant 
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cells. Salts enter by diffusion through the membranes (cell- 
wall and cytoplasm), which are permeable to these substances. 
Such diffusion takes place whenever two solutions containing 
different crystalloids (or the same crystalloid in different 
strengths) are in direct contact or only separated by permeable 
membranes. Water enters largely by osmosis, for the proto- 
plasmic membrane is impermeable to many of the manufac- 
tured foods (e.g. sugar) which arc present in the sap, and thus 
acts as a semi-permeable membrane. Osmosis occurs when- 
ever two solutions of different strengths are separated by a 
membrane impermeable to at least one of the dissolved 
substances; water passes from the weaker into the stronger 
solution, diluting the latter and tending to make the two 
soludons equal in strength. 


No general rule can be given for the permeability of either 
the non-living cellulose wall or of the living protoplasm of the 
cell. In particular, the permeability of the protoplasm is not 
fixed, changing with varying conditions; it is so responsive to its 
environment that its permeability to any given substance may 
be strikingly different even in different parts of the same cell. 

Experiment *5, To illustrate the effect of a change in the per- 
meability of the protoplasm caused by killing it, take three rods of 
uncooked beetroot; about 3 indies long and 1 square inch in section 
u a suitable size. Wash the rods to remove any sap (this is red in 
beetroot) which may have exuded from the cut cells. Immerse one 
rod in tap water, the second in a strong sugar solution, the third in 
boi mg water. The first becomes stiff and turgid; the second limp 
and flexible. This is just what our previous experiments would lead 
m to expect. Notice that no colour escapes from the beetroot cells 
m either case. From the third rod some red colour passes out into 

the surrounding water. The beetroot becomes pale in colour and 
the water is quite red. 

K;n^“ K® “ “ “live it is impermeable to this colour. 
^ by 'he hot water, its permeability changes, and the red 
P ^ent dmolved m the sap diffuses out into the surrounding water. 

Ihus the entry of dissolved subsunces into plant cells (and 
SfeH solution can enter) is controlled and regu- 

plants wuf not'In “I***' Protoplasm. Differf^t 
plants will not aU take up the same substances even from the 
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same soil solution. This power of selection depends on the 
varying permeability of different samples of protoplasm. 

QUESTIONS ON CHAPTER VIII 

1. What substances are found dissolved in soil water? Say what 
you know of the process by which these substances penetrate into 
plant cells. 

2. What is meant by osmosis? Describe an experiment to illustrate 
your answer, and discuss the importance of osmosis to living organisms. 

(L.G.S.) 

3. Some young rather limp seedlings are immersed in strong salt 
solution, while other similar seedlings arc placed in tap water. 
Describe the changes which would occur in the seedlings, and explain 
the reasons for these changes as far as you can. 

4. Explain carefully how the substances which a plant obtains 
from the soil enter the body of the plant. What do you understand 
by water-culture experiments, and what are they designed to show? 

U-M.b.) 

5. Dry bean seeds are dropped into an aqueous solution of methy- 
lene blue. In some hours the seeds have doubled in volume, but 
when the skin is cut open no dye has penetrated. What light docs 
this experiment throw on the method of entry of water into the seed ? 
U-M.B.) 

6. Describe fully how water and mineral salts enter the plant. 
Include in your answer a description of an experiment illustrating 
the method of water absorption, pointing out those parts of the plant 
which correspond to the parts of the apparatus. (J.M.B.) 

7. The ash of a dried grass is found on analysis to contain more 
silica than any other substance. Account for the presence of silica, 
and explain how you would propose to lest experimentally whether 
silicon b essential to the growth of the grass. (J.M.B.) 

8. (i) A variegated leaf, red and green in colour, retains its colour 
in cold water, but when the water is raised to boiling-point the leaf 
becomes green all over whibt the water takes on a red tinge. Explain 
thb colour change, (ii) The boiled leaf is transferred to alcohol, and 
a green alcoholic extract is obtained whibt the leaf becomes colour- 
less. Explain these facts. (J.M.B.) 

9. Sketch and briefly describe the various parts of a single cell of 
Spirogyra. What conditions arc needed for the healthy growth of thb 
plant? How do essential substances enter the celb? To what uses 
are these substances put? (C.L.) 
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CHAPTER IX 

THE ABSORPTION OF RAW MATERIALS AND 
THEIR PASSAGE THROUGH THE PLANT 

Land and water plants. When considering the way in which 
different plants absorb their raw materials, we must fint of all 
distinguish between the plants which live immersed in water 
and those which are exposed to the air. 

A guatic plants obtain everything they require from the medium 
in which they live. The gases of the air are all soluble in water, 
(arbon dioxide being particularly so; the necessary salts are 
likewise soluble, and all raw materials enter such plants in 
solution, the whole surface of the plant being absorptive. 

These aquatic plants are of two kinds. The true aquatics arc the 
algae, a group to which all seaweeds (red, brown, and green) belong, 
M well as many simple freshwater plants (e.g. Spirogyra). Some of 
these algae are very large, but their structure is always comparatively 
simple. If you examine a group of seaweeds, for example, you will 
see that they never possess roots or leaves; such organs are charac- 
teristic of land plants only. 

Hydrophytes. Among the higher plants there arc a certain number, 
called hydrophytes, which live in water, though their ancestors almost 

w«d, tiodca. bladderwort, &c. ; cp. Figs. 46, 79) Uve completely 
•obmerged; such plants absorb through their whole surface, as do 
the aJgac. Others (e.g. water-crowfoot; cp. Fig. 79), water-lilies 

"“‘‘•‘"g °n its 

Ln parts of these plants, like the algae, have 

kT 'r. '*■' “> tit' “t, on the other 

band, behave like those of land plants. 

^ land plants there is no absorption through the general 

w^h?’ 1“ “ f’™”* impervious to both Uquids and gases 

^ have only to leave an aquatic plant out of water for a^short 

TWs ra^dTorb '* 
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can pass freely through this cuticle, either into the plant or out 
of it. Hence these plants need special structures to facilitate 
the entry of raw materials. They live, as it were, in two 
worlds. There b the root system, living underground and 
provided with root-hairs (cp. Figs. 2, 19) by which they absorb 
the soil solution. The shoot system is aerial, and differs 
markedly in form from the root (cp. Fig. 2). The surface 
layer of cclb (epidennb) of its green parts, i.e. of its leaves and 
young stems, is, because of the cuticle, almost impervious, but 
it b pierced by minute apertures called stomates through 
which gases (c.g. COj) can enter by diffusion. These openings 
are shown in Fig. 24. 

The raw materials, entering thus at opposite ends of the 
plant, have to be brought together in the green cells, where 
they are required for photosynthesb. VVe find there b a well- 
developed conducting system (cp. Figs. 2, 21, 22), which 
provides for the rapid transport of water and dissolved sub- 
stances from one part of the plant to another. 

The structure of the land plant b thus more complex than 
that of the typical aquatic. We turn now to examine thb 
structure in more detail, with special reference to these methods 
of absorbing raw materiab. It b best to begin with the young 
plant and to study the development of its various organs. 

THE BROAD-BEAN PLANT 

FRUIT AND SEED. The broad-bean seed b formed within a 
pod (cp. Fig. 1 7 A). This pod is a part of the parent organbm, 
that is, of the plant which produced the seed. When ripe the 
seed becomes separated from its parent, and after a resting 
period b ready to start a separate existence. It is encased in 
a creamy seed-coat or testa; a dark scar, the hilum, marks 
where it becomes detached from the pod. Within the testa b 
the young plant, which at thb stage b called an embryo. 

Hxcrcise* Ejcamine and make sketches of the seed and of the 
contained embryo. 

The embryo plant shows the following structures: 

I. A white pointed radicle, from which the future root 
system will develop. 
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2, A minute plumule, lying between the cotyledons, from 
which the whole shoot system of the plant will be formed. 
With the aid of a lens we may, even now, discern a few leaf 
rudiments at its apex. 



Fio. 17. A. Part of fruit of broad bean opened to ehow attachment of 
tcedj. B. Broad-bean seed. C. Section of the seed at oi in B. D. Embryo 

plant removed &om seed and opened out 


Radicle and plumule together form the axis of the young 
plant 

3. Two large creamy cotyledons, stored with food (test and 
see what foods arc contained). These axe short-lived organs 
only useful to the embryo, and they fall off when their reserve 
of food is exhausted. 

Exercise. Exa min e under the microscope a thin section cut from 
a cotyledon. The cells contain a laige number of starch grains and 
also minute protein granules (cp. Fig. 18, p. 86). 
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GERMINATION. Given suitable conditions (cp. p. 354) the 
seed germinates and the embryo plant emerges. The radicle 
escapes first; it pushes through the testa near the micropylc and 
grows downwards. The cotyledon stalks then elongate and 
gradually pull the plumule from between the cotyledons, 
festa splits still further; the plumule is soon quite free 



Intercellular 
air space 


Starch grains 


Aleurone grains 
(protein) 


Starch grains 


Fio. 18. Cells of a very thin section through a cotyledon of the 
embryo in a ripe seed of pea. (After Saclis) 


and begins to grow upwards, forming the stem of die young 
plant. The cotyledons remain underground inside the testa, 
gradually withering as the young plant grows. The plumular 
hook (cp. Fig. 19 A and B) straightens; foliage leaves arc 
formed and begin to unfold. The first two are very simple 
structures, the third more complex, resembling the leaves of 
the mature plant. The embryo has become a seedling. 

Exercise. Grow some bean seeds and make a series of drawings 
showing consecutive stages in the process of germination. 

THE ROOT SYSTEM OP THE SEEDLI.NC PLANT. 

Exercise. Examine the young root (radicle) of a seedling plant 
and verify the following facts; 

X. The root is a smooth colourless tapering cylinder; its end is 
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quite bare. (The microscope reveals that the extreme tip of this apex 
b covered by a protective root*cap.) 

9. Behind the bare apex is a r^on covered with numerous fine 
root-hairs. 


Terminal bud- 
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CdtyUdonTru 
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Every root system, however large it may become, is formed 
on the same plan. Since their functions are alike it is not 
surprising that all roots are very similar in structure. This will 
become clear if you examine and draw the roots of any plants 
that are available. 

THE SHOOT SYSTEM. 

Exercise. Sketch a broad-bean plumule which is about la inches 
long and confirm the following facts: 

1 . The axis of the shoot is an ascending tapering cylinder, green 
in colour. 

2. The apex is enveloped in a number of young immature leaves; 
the whole structure is known as the terminal bud.* 

3. Lower down the stem the leaves are less crowded. Between 
them are definite lengths of stem called internodcs. (Notice the first 
two foliage leaves, wliich are smaller and simpler than those formed 
later.) 

4. The leaves arise at the nodes and arc arranged in a definite 
order; in each leaf axil there is an axillary bud. These buds may 
grow out into branch stems which are similar to the main stem in 
structure. 

VARIATIONS IN THE STRUCTURE OF THE SHOOT. Shoot syStCmS 

are much more varied in structure than are roots. In some the 
axis is so short that it hardly rises above tlie ground, and 
leaves are crowded on it without internodes. The daisy and 
dandelion are plants of this type, which are called rosette 
plants. On the other hand, the shoot system may become very 
large, as it does in our great forest trees — oak, beech, ash, 
pine, &c. These great differences of structure enable flowering 
plants to live under very varying conditions. The rosette plant 
can withstand tempestuous winds which would bend, break, 
and eventually kill any young tree. On the other hand trees, 
once established, occupy vast areas of ground and cast so dense 
a shade that many competitors are excluded from any area 
they may make their own. 

* A bud is simply a stem apex covered with partly developed IcavM 
which are closely packed round the apex, thus protecting each other and 
the delicate stem-tip on which they were produced. A Brussels sprout 
should be exammed to obtain a clear picture of the structure of a bud. 
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Under all these variations of shoot structure we may always 
recognize in the young plant the following elements: stems, 
each ending in a terminal bud and divided into nodes and 
intemodes; leaves arranged in a definite order, axillary buds, 
and branches, all of wliich are found at the nodes of the stem. 

Exercise. Before going farther the student should draw the shoots 
of any available plants to confirm the facts mentioned. 

THE ROOT, AN ORGAN OP ABSORPTION. 

Experiment 26. To show that the root absorbs water and to 
measure roughly the amount absorbed by one broad-bean root in 
a given time, we fix a seedling plant by means of a split cork or a plug 
of cotton-wool in the mouth of a measuring cylinder. Its roots dip 
into water, which nearly filb the cylinder. When the plant is in 
position cover the top of the water with a little olive-oil; this prevents 
direct evaporation from the surface. Set up a second similar control 
apparatiu with water and oil but no plant. Note the height of the 
water and read the levels daily for some weeks. The level falls 
continually in the cylinder containing the plant but not in the other. 
The fall b due to absorption by the root, and wc can read off the 
^ount absorbed. Wc must, however, remember that the reading 
13 Only an approximate one, as wc have made no allowance for any 
growth of the root. 


THE ROOT-HAIR, THE CHIEF ABSORBINO ORGAN. The Cclls of 

the skin (epidermb) of the young root-tips arc the chief organs 
of absorption. The surface area of the root is enormously 
increased by the development in this region of large numbers 
of root-hairs. 


Exercise. Remove a root-hair, mount it in water, and examine 
It under a microscope. 

Each hair is a tubular outgrowth of a single epidermal cell, 
huch hairs, produced near the apex of every branch of the 
root, provide an enoiTnous surface through which the soil 
water can pass. One observer estimated that tliere were as 
many as 232 root-hairs growing on every square millimetre of 
mlace of the roots of some pea seedlings. The root-hair is 
oun c by a thin cell-wall lined with protoplasm; its centre 
M occupied by one or more vacuoles containing sap. In its 
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relation to water the hair behaves rather similarly to the 
diffusion shell described in experiment 22, the cell-wall 
being a permeable membrane, the protoplasmic lining a semi- 
permeable one. It threads its way between the soil particles 



Fio. 20. A. Root-hair among soil particles. B. An epidermal 

cell with root-hair 


(as is shown in Fig. 20 A), coming into close contact with the 
water surrounding each particle. This soil water, together 
with any soluble substances to which the protoplasm is per- 
meable, will pass into the root-hair by osmosis and diffusion 
(cp. Chapter VIII). The rapid entrance of water dilutes the 
sap in the absorbing cells. 

FIXING ACTION OP THE ROOT-HAIR. Thc root-hair IS an 
excellent fixing organ as well as an organ of absorption. It 
adheres so closely to the soil particles that it is impossible to 
pull up a plant by its roots without destroying most of thc 
root-hairs. 
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PASSAGE OP WATER THROUGH THE PLANT. What happens tO 

the water absorbed by the root-hairs? The following experi- 
ments throw light on this question. 

Experiment 27. To show that osmosis can take place through 
a compact mass of cells, peel two large potatoes, cut off one end of 
each so that it will stand upright, and scoop out the centre to make 
of the potato a rough basin. Place a little sugar solution in the bottom 
of one basin, leave the other empty, and stand both potatoes side by 
side with their lower ends in water. After a time examine them again. 
One is still dry, but the other, into which we put a little sugar solution, 
is now full of liquid. We Icam that, given the necessary conditions, 
osmosis can take place through the whole tissue. 

This is what occurs in the root. Inside the epidermis is a mass 
of thin-wallcd tissue, the cortex. The absorbed water gradually 
passes through this from the root-hair (a) into and so on 
until it has penetrated the whole cortex (cp. Fig. 21 B). The 
next c.xpcriment traces its further path. 

Experiment 28. Immerse seedling plants wth their roots dipping 
into water coloured with eosin. After from 24 to 48 hours, wash the 
roo« in tap water and then cut a series of slices (transverse sections), 
beginning well down the roots and passing upwards into the stem. In 
the stem cut careful sections at the node. Examine these sections with 
a lens or microscope. 

Exercise* Cut radial longitudinal sections (i.e. sections passing 
through the centre) of the root and stem, and compare their appear- 
ance with those of the transverse sections. 

We find that the coloured liquid has been absorbed and has 
travelled right through the axis of the plant and out into the 
leaves. We sec, further, that this current of water has passed 
through the axis in certain definite channels. These channels 
arc grouped very near the centre of the root (cp. Fig. 21); 

in a stem they are arranged in an open circle nearer the 
periphery (cp. Fig, 3). 

® 9 * Trace the path of the coloured liquid in other 
ui a e material, c.g. a woody stem, such as privet; or a large bud, 
a as e Brussels sprout. In each case the cut end is immersed 
m a coloured solution; after a time the path of the liquid is observed 
oy cuttmg the specimen both crossways and lengthways. 
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In woody stems an alternative method is sometimes useful. The 
soft external tissues may be scraped away and the harder conducting 
tissue, now coloured red, may be traced through the stem and out 
into the leaves. 

In every case we find that the liquid passes through the plant 
axis along certain well-defined paths; further, that we can 
trace it out along the veins into the lamina of the leaf. 

THE INTERNAL STRUCTURE OF THE ROOT. 

Exercise. Thin slices are cut with a sharp razor across the root 
of one of the plants used in the previous experiments. These arc 
immersed in a solution of aniline hydrochloride, and mounted in 
glycerine. Examination with a lens shows that there is a central 
core in which certain structures are stained yellow. These agree in 
position with the structures along which the coloured liquid passed 
(experiment a8). Outside this core (the vascular or conducting tissue) 
is softer tissue, the cortex, bounded internally by the endodennis with 
its peculiarly thickened cells (cp. Fig. aiB). Outside the cortex is 
the epidermis (sometimes called the piliferous layer) with its root- 
hairs. 

Fig. 21 shows a section of root as seen under the microscope 
(cp. Fig. 2). Near the centre are alternating groups (bundles) 
of wood (or xylem) and bast (or phloem). The wood is 
the chief water-conducting tissue, while it is believed that 
manufactured food travels through the bast. 

The cells of the xylem have walls strengthened by a substance 
called lignin. This has been deposited as an additional layer 
on the inside of the original cellulose cell-walls, and it is this 
substance which stains yellow with aniline hydrochloride. 
Such woody cells arc usually long; many are now quite empty 
of protoplasm and, as already described (cp. p. 30), have 
become transformed, by absorption of their cross-walls, into 
long tubes called vessels (cp. Fig. 22). These vessels are the 
chief water-conducting elements of the plant. Among them 
arc a number of thick-walled fibrous cells which serve as 
skeletal tissue, giving support to the whole structure. 
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Exercise. Tease out the vascular bundles from the boiled petioles 
of celery or rhubarb leaves and examine the wood vessels under the 
microscope. 

Phloem (bast) also contains elongated conducting elements; 
these are long thin-walled structures called sieve tubes, the 
cross-walls which separate the individual cells becoming 
pierced by many fine pores to form the ‘sieves* (cp. Fig. 22). 

Outside the conducting strands of the root we find the 
pericycle, from which branch roots arise, then the cortex, 
while the whole is bounded externally, in young roots, by 
the piliferous layer, with its root-hairs. 

ENDOGENOUS ORIGIN OF LATERAL ROOTS. 

Exercise. Cut a thin slice through any root at a point where 
a branch root is emerging. Examine and draw the section. 

You will find that branch roots arise from the outermost 
layer of the central column (i.e. from the pcricycle) of the 
main root and force their way through the cortex to the 
exterior. The end of every root is like a tentacle, helping to 
fix the plant and absorb soil water, and every lateral root 
brings its contribution to the stream of water flowing upwards 
into the stem. 

THE INTERNAL STRUCTURE OP THE STEM. 

Exercise. You arc given some thin cross-sections of various stems 
(sunflower, dead nettle, broad bean, &c.). Immerse them in aniline 
hydrochloride solution as before, examine with a lens, and draw the 
sections. 

In most flowering plants, when young, there are isolated 
strands or bundles running through the stem in the form of 
a hollow cylinder (a ring as seen in cross-section). Thwe 
strands arc grouped near the outside of the stem, leaving quite 
a large pith. Living cells, like those of the pith, separate the 
individual bundles and form the medullary rays. Outside the 
ring of vascular bundles is the cortex; its cells may be green, 
and hence they can assimilate. The whole structure is bounded 
by the colourless epidermis, with its thickened cuticle. In the 
young stem it usually bears stomates (cp. p. 103). 
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THE VASCULAR BUNDLE OF THE STEM (cp. Fig. 2). This 
consists of wood (xylem) and bast (phloem) separated, in 
many cases, by the cells of the cambium (cp. Fig. 22). The 
wood and bast do not form alternating groups, as in the root, 
but are combined into one strand or bundle. The wood, like 
that of the root, consists chiefly of vessels, elongated cells, and 
supporting tissue, most of these elements having woody (ligni- 
fled) walls. In the bast the most important structures are the 
sieve tubes. 

The cambium, which is only visible in very delicate thin 
sections, consists of a single layer of thin-wallcd living cells, 
the only cells of the bundle which arc still capable of growth 
(meristematic). We shall see (cp. p. 361) that they often play 
an important part in the later development of the stem. 

Rigidity of the stem. The stem may contain mechanical tissue 
which helps to keep it rigid. Supporting tissue of this kind is 
very obvious in the stems of sunflower or dead nettle. It is 
often found quite apart from the bundles, in tlie cortex. A 
stem has to support its own weight and bear aloft its canopy 
of leaves; it also has to resist the strains set up by wind, snow, 
&c. ; hence it needs skeletal tissue more than does the root. 

We must, however, realize tliat the rigidity of a young stern 
does not depend ulumately upon any framework of rnechanical 
tissue, but upon the rigidity (turgidity) of its individual cells. 
When water is plentiful the cell-walls are all taut, like the 
covers of so many inflated balloons. The walls arc kept 
stretched by the presence of the contained water, just ^ a 
football or a bicycle tyre is rigid with compressed air. A Plan 
tissue in which all the cells arc turgid is quite rigid, without 
any other mechanical support. 

Exercise. Leave some tender seedlings out of water for 24 
or immerse them for an hour in strong salt solution. Obse^e the 
limp conditions of the stems after su^ treatment. We are 
with the miserable drooping condition of a room plant we 

gotten to water. 

These exercises make it quite clear that the n^id^ty of Ae 
young stem depends on the turgidity of its individual cells. 
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A large amount of mechanical tissue is developed in older 
stems, especially in the woody branches of shrubs and trees; 
we shall return to this subject later (cp. Chapter XXVII). 

To summarize what we have learned, the axis of the land 
plant, both root and shoot, is formed internally on the same 
general plan. The xylem of the root is continuous with that 
of the shoot, so is the phloem. At one end this conducting 
system begins in the young root branches (cp. Fig. 2), and 
it is continually added to as the plant grows. At the other 
end the system ends among the stem apices and the young 
leaves of the terminal and axillary buds, while, all along the 
stem, leaf veins pass out from it to end among the cells of the 
leaf (cp. Fig. 25). Suitably coloured water can be traced right 
through this system of conducting elements and out into the 
leaves. 

ROOT PRESSURE, What keeps this current of w'ater moving 
upwards through these very narrow channels? What part does 
the root play in this process? These questions are not easy to 
answer, and the forces which keep the water in motion are 
not entirely understood. But at certain seasons the roots seem 
to exercise a pushing force which helps to drive the water 
upwards. This force, known as root pressure, is not exhibited 
by all plants, nor docs it exist at all times. It is particularly 
active in the spring. 

£xperiinent 30. Take a potted fuchsia plant (or a healthy bean 
or geranium) and water it thoroughly. The next day cut off the m ain 
a few inches above the ground, and tic a bit of stout rubber 
^bing over the cut end. Fill the tubing with water and tie into its 
rce Md a long glass tube of fine bore (capillary tubing). Support 
^ by tying it to a stick stuck in the earth. Watch the rise of water 
w the glass tube due to root pressure. In the course of a day or two 
»t will often rise to the top and overflow. 

Root pressure is not the only force which brings about this 
fisc of water in plant stems (cp. pp. 111-12), but we must 
e er ^ther consideration of this problem until we have dis- 

happens to the water when it reaches the leaf. 

4061°^* investigation, it will be useful 

D 
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to draw up a table of comparison between the structure of the 
typical root and of the typical stem, as they appear ir a voung 
herbaceous plant. 

ROOT STRUCTURE AND SHOOT STRUCTURE. A SUMMARY AND 
COMPARISON. 


Root 

1. A descending cylinder, its apex 
protected by a root cap. 

2. Usually never green. 

3. The root branches (lateral 
roots) repeat the structure of 
the main root. The root is not 
divided into nodes and inter* 
nodes. 


4 . Lateral roots are endogenous in 
origin. 

5. Internally, the conducting tissue 
is concentrated near the centre. 

6. The strands of wood and bast 
alternate in the root. 


Shoot 

1. An ascending cylinder, its apex 
protected by the terminal bud. 

2. Always green, at least in part. 

3. Stems bear leaves', these are 
quite unlike the cylindrical 
stems. They occur in a definite 
order, and the stem is divided 
into nodes and intemodes. Stems 
also produce branches like 
themselves. These begin as 
buds in the axils of the leaves. 

4. Leaves and lateral stems are 
exogenous in origin. 

5. The conducting tissue is nearer 
the outside, in the stem. 

6. The strands of wood and bast 
are on the same radius in the 
stem, each vascular bundle 
containing both wood (xylem) 
and bast (phloem). 
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QUESTIOKS ON CHAPTER IX 


1. Describe, with illustrative diagrams, the structure, both externa] 
and internal, of a young root, and show how this structure enables 
it to pcrfoiTO its functions. 

а. What are root-hairs, where do they arise, and what are their 
function? Describe two experiments that you have performed which 
throw light on these functions. 

g. Describe the path of a water particle on its way from the soil 
into the leaf of a land plant. Describe any simple experiments you 
would perform to trace its path. 

4. By means of labelled diagrams describe the structure of a young 
root and a young stem as seen in transverse section, and point out the 
chief differences between the two. 

5. Describe, with the aid of diagrams, the external structure of 

(«) a young root, {b) a young shoot, and point out the chief differences 
bct^\’ccn them. 

б. Describe the structure of any seed and seedling plant which vou 

have examined. ■' 


7. In what way is the general structure ofeitfur (a) a root-system, 
PT [0) a leaf, fitted for the functions it has to perform ? (Ox. & C.) 

8. Describe by means of a series of labelled drawings the staga in 
germination of oiu named seed. (C.L.) 

xAtt structure of a stem of a typical flowering plant. 

What are the functions of the different parts ? (L.G.S.) 

10. pcscribe the general structure of the root system of a typical 

(*l’g s")® explain the functions of the various parts. 

11. Write a careful descripUon of a broad-bcan seed and of its 
mode of germination. (L.G.S,) 

12. Discribc in detail (a) the structure and (6) the process of 

gcnmnationofa bean seed. (Ox.L.) ^ 

Sf a nlmL h h” by reference to the roob and .hoob 

«planatory 
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A.B C. principal veins pinnate 



Fio. 83. Variations in the Forms op Leaves. A. Simple leaf of beech. 
B, Lobed leaf of oak. C. Compound leaf of ash. D. Simple leaf of violeU 
B. Simple leaf of nasturtium. F. Lobed leaf of sycamore. G. Compound 

leaf of lupin. (All reduced) 
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CHAPTER X 

THE LEAF, ITS STRUCTURE AND FUNCTIONS 


We have traced the passage of a current of water from the 
root-hairs, where the water enters, across the cortex, into the 
water-conducting elements (xylem) of the root and stem, and 
out into the leaf veins. What happens to it then? This 
question can only be answered after a more detailed study of 
leaf structure. 

THE EXTERNAL STRUCTTURE OP A TYPICAL LEAF. LeaveS, whlch 

arc the chief assimilating organs of the flowering plant, arc 
formed as outgrowths of stems, originating near the stem apex 
(cp. Fig. a). They always arise in some definite order; alter- 
nately, in crossed pairs, or spirally. The typical leaf is a broad, 
tWn, flat organ in which the surface is very large as compared 
with the volume. It does not grow indefinitely, as docs the 
stem, but soon attains its full size. It is usually short-lived, 
lasting for one season only; the leaves of evergreens, however, 
may live for several years. 


Exercise. Examine a privet leaf, or broad-bcan leaf, and confirm 
the following facts, 

A typical foliage leaf consists of three parts: 

I. The blade or lamina* 
a. The stalk or petioU, 

3. The Uaf base, which often bears a pair of outgrowths called 
stipules. These arc weU seen in the leaves of rose, broad bean 
pea, &c. ^ 

The leaf base attaches the leaf firmly to the stem and shelters the 

young axillary bud. The petiole carries the lamina, which is the 

emulating portion of the leaf, out away from the stem, so that it 

u exposed to light and air. This lamina is penetrated in every 
direction by veins. w m every 

^ercise. Examine and draw the leaves of grasses, ivy Drivet 

Observi^e of the 

lamina and the arrangement of the principal veins. ^ 

PA^LLEL- AND NET-VEINED LEAVES. Some Icavcs arc parallel- 
veined, as m grasses, bluebells, and daffodils. This arra^ement 
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of the veins is characteristic of Monocotyledons ^ one group of 
flowering plants, while in nearly all Dicotyledons y the other 
and larger group, the leaves are net-veined. VVe shall discover 
other differences benveen these two classes of flowering plants 
in subsequent chapters (cp. p. 347). 

In net-veined leaves the principal veins may all spread out 
at the top of the petiole (geranium, ivy, sycamore) ; such an 
arrangement is called palmate. In others there is one central 
vein or midrib, from wliich the branch veins arise (privet, oak, 
rose). This venation is called pinnate (cp. Fig. 23). 

SIMPLE, LODED, AND COMPOUND iXAVES. Thc lamina of the 
leaf is very varied in form. Usually long and narrow in 
parallel-veined leaves, in the broader net-veined type it may 
be simple and undivided (box, privet); indented or lobed, as 
in ivy and oak; or divided up into separate leaflets, forming 
a compound leaf (lupin, rose). In lobed and compound leaves 
the arrangement of the subdivisions follows that of thc principal 
veins (cp. Fig. 23). 

The margin of the leaf varies also; it may be smooth (entire), 
toothed, or lobed in a characteristic way. Thc surface, too, 
differs in different leaves; some arc smooth, others hairy, 
others waxy, and so on. Most of these features arc illustrated 
by the leaves mentioned in the previous exercise. 

STRUCTURE OF THE PETIOLE. Externally the petiole looks 
something like a stem. It may be long, short, or completely 
absent, when the leaf is called sessile. It is, however, only 
rounded on its lower surface, being usually flattened above, 
80 that its cross-scction is different from that of a stem. More- 
over, it docs not contain a ring of bundles (cp. p. 94). Often 
there is a single bundle passing through thc petiole; in other 
cases, especially in leaves with palmate veining, thc peUolc 
may contain a small group of bundles arranged m an open 
arc. These bundles arc on their way out from thc conducUng 
cylinder of the stem into the lamina of thc leaf. 

INTERNAL STRUCTURE OF THE LANANA. Thc leaf lamina con- 
Bists of a central mass of green cells, known collccuvcly as ^e 
mesophyll, among which the veins end, and a thm ^ 

covering, usually only one ccU thick, known as the upper and 
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lower epidermis. It is easy to confirm these statements by 
simple experiments. 

Exercise. Strip off a fragment of the outer layer of cells (epidermis) 
of ao iris leaf. It comes away as a thin transparent sheet. This 
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Fio. 94. A. Portion of leaf epidermis with stomata in surface 
view. B. Section of epidermis and itomate. (Both highly 

magnified) 

epidermis is one cell thick, and colourless, as in most leaves. Mount 
a tragment m water, and set aside for examination. 

“ solution of causUc 
io minutes. Place in clean water, and cut off the 
margins of some of the leaves with scissor*. Gently tease aoart thf 
remainder of the leaf; it can often be separated iTyen 

mounted, and examined wi^ a 
lew or under a microscope. wiui a 
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Examine first of all the tvv’o almost colourless outer layers. One, 
the upper epidermis, consists of smaU cells of irregular shape which 
fit closely together like a mosaic. The lower epidermis is similar, 
but among cells like those described are definite minute pores, 
called stomates. Surrounding each pore are two kidney-shaped cells, 
the guard cells (cp. Fig. 24). Their function is to alter the size of 
the stomate. 

Examine now the epidermis of the iris leaf. The epidermal cells, 
which are larger than in the box, arc long, colourless, and close- 
fitting (cp. the onion cells examined previously, p. 24). 

The stomatal apparatus is large and clear. (Draw a stomate.) 
The guard cells are rich in protoplasm and, unlike the other cclb of 
the epidermis, are green, containing chloroplasts. In them the nuclei 
can usually be seen. 

THE ARRANGEMENT OF THE STOMATES. In SOme IcavCS, 
especially the long, narrow ones characteristic of monocotyle- 
dons, the stomates are distributed equally over the whole 
surface of the leaf. In others their distribution is by no means 
so uniform. This is especially the case in leaves with a definite 
upper and lower surface (dorsiventral leaves). In most of these 
the stomates are confined to the lower surface (box, privet), 
or are more numerous there (cherry, laurel). There is, how- 
ever, no universal rule. In the leaf of the common white clover, 
for example, there are on the average 163 stomates per square 
inch on the upper face and only 106 on the lower. In the 
water-lily stomates are found on the upper surface only, there 
being about 11,000,000, it has been estimated, on any one 
leaf. In spite of such exceptions it is true that, in the majority 
of dorsiventral leaves, the stomates are more numerous in, or 
entirely confined to, the lower epidermis. 

THE MESOPHYLL AND VEINS. 

Exercise. Examine the mesophyll of the box or privet leaf (con- 
tinuing exercise p. 103) and observe the course of the veins. 
branch and branch, and finally end blindly among the mesophyll ce s* 
Draw one of these free endings; as many as 6,000 minute veins may 
end in i sq. cm. of mesophyll. 

Exercise. Examine a prepared cross-section of a leaf, and com- 
pare with the structure shown in Fig. 25. Notice the colourless epi- 
dermis with its cuticle, the mesophyU cells arranged as a palisade 
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mesophyll near the upper surface, and the spongy mesophyll towards 
the lower surface. In this part of the leaf the cells arc irregularly 
arranged, enclosing large air-spaces. 

Exercise. Plunge some fresh green leaves quickly into boiling 
water and observe the air which escapes tlirough the stomates. 
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Fio. 25. A small pordon of the cross-secdon of a typical green 
leaf, as seen under the microscope. (Highly magnified) 

THE GREEN LEAF, AN ORGAN FOR PHOTOSYNTHESIS. The wholc 

s™,h •' d ■ ‘‘ for its work of photo- 

synthesis. By its position, hung out like a flag on the stem 
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veins bring up water absorbed from the soil. This water 
saturates the walls of the mesophyll cells; carbon dioxide 
becomes dissolved in it, and both the water and the dissolved 
gas pass freely through the wet cell-walls into the green cells, 
where they can be used for photosynthesis. It is in these meso- 
phyll cells that the manufacture of the world’s food is begun. 

Its very excellence as an organ for assimilation makes the 
leaf less cfBcient from another point of view. Gases must be 
able to enter it freely (since carbon dioxide is essential), and 
they do so through the stomates. Inside the leaf air is thus in 
direct contact with the wet cell-walls. If it is unsaturatcd some 
of the water will evaporate; the vapour collects in the internal 
air-spaces and gradually difiuses out at the stomates (cp. 
p. 77) ; more air enters, and more evaporation occurs. Hence 
we find that the leaf, in spite of the protective cuticle (cp. 
Fig. 24), is not a good conserver of water — a fact which may be 
fraught with danger for the plant living on land. Let us now 
study this loss of water from the leaf surface in greater detail. 

THE LOSS OF WATER PROM THE LEAP. TRANSPIRATION. 

Experiment 31. Water a pot plant and cover pot and soil with 
mackintosh sheeting to prevent loss of water from these exposed 
surfaces. Place the pot on a glass plate and cover it with a dry bell 
jar. A similar apparatus, without a plant, is set up as a control. 
Water soon collects on the sides of the bell jar covering the plant; the 
other jar remains dry. The plant is giving off water vapour, and this 
vapour condenses on the cool sides of the jar. How much water is 
given off in this way? 

Experiment 32. To examine the relation between the water 
absorbed and the water lost by transpiration fill a small measuring- 
jar with water, and place In it a leafy shoot with its end dipping into 
the water. Cover the surface with oil to prevent direct evaporation. 
Read the lev el of the water and weigh the whole apparatus every 
24 hours for about a week. The level of the water falls: this is due to 
absorption by the plant. The apparatus also loses weight, and further- 
more the total weight lost is roughly equal to the weight of water 
absorbed. Thus, in one experiment, 10-3 c.c. of water were ab- 
sorbed; this water would weigh, roughly, 10 3 gm. The apparatus 
lost 9 8 gm. in weight; this loss is obviously due to loss of water 
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vapour. Hence, of 10*3 c.c. of water absorbed in this experiment, 
onJy 0-5 c.c. was retained for the use of the plant. 

Experiment 33, As a ciieck on the previous experiment, to 
asceriain the exact weight of water given off by a plant we may 
repeat experiment 31, covering the whole apparatus with a bell 
jar under which is a dish containing a weighed amount of calcium 
chloride. Calcium chloride absorbs water vapour, and at the end of 
the experiment its weight has increased by just the amount which 
the plant has lost. 


TRANSPIRATION A SECOND FUNCTION OP THE LEAP. This pro- 
cess of giving off water vapour is called transpiration. The 
amount of water lost is very striking; it has been estimated 
that, in one season, an acre of maize requires 4} tons of water 
for photosynthesis, but loses 1,700 tons by transpiration. 
F rom one point of view, each plant is a living pump, removing 
water from the soil and giving it back as vapour to the air. 
For each gramme of starch formed a sunflower plant will not 
only rid the air of a cubic metres of carbon dioxide, but will 
absorb 250-400 c.c. of water, so that each plant absorbs 
nearly 700,000 c.c. (i.e. about 150 Ib.) of water in one growing 
s^on. Now mosquitoes carry malaria (cp. p, 313), and they 
breed in stagnant water; we understand why the Romans 
found it useful to plant sunflowers on the Campagna to keep 
down malaria. Experience led them to do blindly what 
modern science has been able to justify. 

Why do plants lose all this water? It may be simply because 
Uic loss cannot be prevented. The leaf is primarily an organ 
for photosynthesis and its whole structure, as we have seen 
fits It for tliis purpose. The mesophyU (cp. Fig. 25) is per- 
meated by air-spaces; its cell-walls arc wet. ^ 

The conditions inside the leaf resemble those found in the 
doing-room of a laundry, where aU the windovvs are open 

diffusion goes on unhindered. Water evaporates 

wMows. ‘I*' 

In the leaf the water evaporates from the wet cell-walls and 
Effuses out as vapour through the stomates. The 
the leaf makes this loss unavoidable. >«-ucture o« 



Jo8 FOOD AND ITS MANUFACTURE 

INFLUENCE OF STOMATES ON TRANSPIRATION. 

Experiment 34. Take two dry dusters, place on each a geranium 
or privet leaf, one with the upper and the other with the under 
surface uppermost. Across the middle of each leaf place a strip of 
dry cobalt chloride paper. Cover each with a glass plate. The blue 
cobalt paper gradually turns pink. It is absorbing water vapour. 
The change occurs much more rapidly in the paper covering the 
lower epidermis, for the vapour escapes chiefly through the stomates. 

CLOSING OF STOMATES. It IS known that stomates, which are 
primarily organs for the entry of carbon dioxide, partially 
close at night, this closure being dependent upon the fact that 
they are green, while the other epidermal cells arc colourless. 
Does this closure influence the rate of transpiration? The 
following experiment will show that it does. 

Experiment 35. Repeat experiment 31, omitting the bell jar 
and simply weighing the potted plant night and morning for a week. 
We can thus And the total loss due to transpiration. 

\We find as a rule that the loss during the hours of daylight 
far exceeds that during the night. The partial closure of the 
stomates is one of the factors tending to decrease transpiration. 

INFLUENCE OP EXTERNAL CONDITIONS ON TRANSPIRATION. 

Transpiration being a form of evaporation, though partly con- 
trolled by the structure of the leaf, we should expect that it 
would vary with external conditions, and it is easy to show 
by experiment that it actually does so. 

Experiment 36. Continue experiment 35 for some weeks, re- 
watering the pot occasionally. Record the temperature, the humidity 
of the air (from readings of the wet and dry bulb thermometer), 
whetlicr the day is sunny or overcast, rainy or dry, &c. If the external 
conditions are carefully recorded and compared with the amount of 
water lost by transpiration from day to day, we soon find that this 
process is very dependent on external conditions. 

Experiment 37. We may investigate the influence of external 
conditions on the rate of transpiration by means of a potometer. 
This is an apparatus which enables us to compare the rate of absorp- 
tion of a cut leafy shoot under different external conditions, the rate 
of absorption being about equal to the rate of transpiration. 

One form of this apparatus is shown in Fig. 26. It consists of a glass 
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tube of the shape shown. Three well- 
fitting rubber stoppers are chosen, 
which can be inserted in the tube at 
A, By and C, those for B and C each 
being pierced by a hole. The hole in 
B admits a length of glass capillary 
tubing, that in C the stem of the twig 
that is being investigated. 

To use the apparatus we fill the 
potometer tube under water, and push 
in the stoppers at A and C, keeping it 
submerged until the cut end of the stem 
has been pushed through the stopper C. 

The stem used for the experiment 
(c.g, privet) should be cut off under 
water, and then kept with its cut end 
in water for some hours. Just before 
inserting it in the stopper C a further 
short length is cut off by means of a 
sharp razor; this cut must be made 
^der water. We make sure that there 
is a good joint between the stopper 
and the stem, wiring this joint if 
necessary. 

The potometer tube is now inverted 
and raised, so that the end B points 
upwards ; the stopper bearing the capil- 
lary tube is pushed into position at B 
(a fine spray of water will escape at the 
end of this tube). Finally the appara- 
tus is again inverted and supported by 
a retort stand and clamps, with the end 
of the capillary tube dipping into a 
beaker of water. 

To take a reading we must raise the 



potometer shghtly and suck a little Potometer to compare 

water out from the end of the capillary absorption (and hence 

tube by applying blotting-paper to transpiration) of a cut leafy 

that end ; in this way wc create a small under different external 

wr-bubble. The tube is now put back conditions 

U..O position wiUt iu nnd dipping into water. Two marlt, have been 
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made on the tube a few inches apart. We obser%'e the time taken 
for the bubble to pass between these marks, using a stop watch. 

Take several readings, making a fresh bubble for each obscr* 
vation. 

Now change the external conditions. You may, for example, 
(i) create a current of air by vigorous fanning; (2) create a dry 
atmosphere. To do this, cover the twig, &c., with a bell jar, and 
close the bottom of the jar by a sheet of stout cardboard cut so as 
to slip sideways round the stem; now put some anhydrous calcium 
chloride under tlie jar to absorb moisture. After waiting a short time 
for the plant to adjust itself to the new conditions, take another set 
of readings of the time taken for bubbles to pass between the two 
fixed marks. {3) Try the effect of transferring the whole apparatus 
to a dark room, taking care that the conditions of temperature, 
humidity, &c., remain unchanged. Again allow a short time to elapse 
before you begin observations. Time the bubble with the aid of 
a torch so placed that its light does not fall on the twig. 

A comparison of these various readings shows clearly that external 
conditions affect the rate of transpiration. 

FACTORS THAT INFLUENCE THE RATE OP TRANSPIRATION. 

I, External factors. Since transpiration depends on evapo- 
ration, everything that increases evaporation will increase 
transpiration. High winds, dry air, high temperature, all 
make for rapid transpiration, while still, moist air and a low 
temperature all decrease it. 

II. Internal factors. Xerophilous leaf structure. The amount ot 
water lost by a plant depends very largely on the structure of 
its leaves. The fewer the stomates, the less the loss, if other 
factors arc equal. Small-leaved plants lose less than those with 
large leaves; hence such plants (c.g. heather, pine-trees, gorse, 
&c.) can often survive on ground where their large-leaved 
competitors perish for want of water. We cannot enter here 
into all the variations of leaf structure shown by plants that 
live where water is scarce. The student is advised to study 
the plants of a sandy shore or a sandy common, of an al^pinc 
rockery, or of some semi-desert in the nearest botanic gardens^ 
He will observe that all such plants exhibit some ol tnc 

following features: 
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(<j) Very small leaves — or leaves entirely absent (e.g. gorse 
broom). 

(i) Waxy or hairy covering to the epidermis (e.g. sea holly, 
&c.). 

(f) Protection of the stomates— they are sunk below the 
general level of the epidermis, or the leaf is rolled so that 
they open into a partly closed cavity, &c. (e.g. pine 
leaves; Psarnma). 

{d) The leaves may not only be small, but also thick and 
fleshy, storing water in their fleshy tissue against times 

(e g- sionecrop, houseleek). 

All these features tend to economize water; plants with such 
leaves arc called xerophytes (cp. p. 124). 

THE USES OP TRANSPIRATION. Transpiration is the giving off 
of water vapour from the leaves of land plants. Although, as 
we have seen, this process is probably to be regarded as a 
somewhat dangerous one, impressed on the land plant by its 
structure, nevertheless it has certain useful functions. Unlike 

hearts, which, by their contrac- 
n, keep the blood in circulation; yet water is raised to great 

thro^ V" 'P”' ‘hat it passes 

through very narrow vessels in which one would expea the 
resistance to be high. expect tne 

(1) This raising of water is one of the chief consequences of 
inspiration, evaporation from the leaf surface causing more 

^e tVa ^ "'"ophyll cells and so giving 

n« to a movement of the whole water-content of the planf 

^ich It IS difficult to break. As some escapes by evanoration 
from the end of the column, the whole coluL rile^ and m 

“hsorbed by the root-hairs. ’ 

(2) ihis movement of water brines with it ^ ^er s ^ , 

tolls required for food-making. ^ 

(3) Evaporation always causes cooling and it h,. k 

■uggated that transpiration promts A ““ 

-- 
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that, when water is evaporated, it can exert a ‘pull* which 
will raise more water from below, we may set up the follow- 
ing experiments: 

Experiment 38, Take some fine clay (or plaster of Paris), make it 
into a wet ‘dough’, and fill it into the top of a thistle furmel, thus 
closing the mouth of the tube. When it has set fall the tube with 
previously boiled water (the water is boiled to expel air), close the 
narrow end with the finger, and invert the apparatus, dipping this 
end into a beaker of coloured water. This water b gradually drawn 
up the tube and in time the clay itself may become coloured. 

Experiment 39. To show that a leafy shoot can suck up water 
choose a branch of willow or maple on which the young leaves are 
fully expanded, cutting it off under water. Attach it by means of 
a piece of stout rubber tubing (4 or 5 cm. long) to a glass tube about 
50 cm. long. Both rubber tube and glass tube must previously be 
filled with water. Tic the rubber firmly both to the twig and to the 
glass. Now, holding a finger over the end of the glass tube, rabe the 
whole apparatus into the vertical position; dip the end of the tube 
into a small beaker of mercury. As water b absorbed by the twig 
the mercury begins to rbe up the tube. 

We gather that transpiration b largely responsible for the 
drawing up of water through the plant (cp. p. 97)) and may 
now summarize the many important functions of the leaf. 

THE FUNCTIONS OP THE LEAF. A SUMMARY. 

1. The leaf is primarily an organ for photosynthem making 
sugar and starch. Its whole structure fits it for thb work. 

2. If more food is made than is immediately required the 
surplus is stored in the leaf cells, usually as starch. Thb storage 
only occurs in daylight. 

3. The starch is digested and passed on to the other organs 

of the plant after sundown (/ranj/ora/bn). 

4. takes place from the surface of the leaf. Inis 

helps to keep the stream of water moving through the plant, 
and may also be useful in preventing the overheaung of the 
leaf cells in hot weather. 

•t. The leaf cells, like all Uving ceUs, respire (cp. Chap. XAi). 
6. The leaf is possibly the chief seat of other Jood-niaKing 

activities, e.g. of the synthesb of proteins. 



QUESTIONS ON CHAPTER X 

X. Describe the structure, both internal and external, of a foliage 
leaf. 

2. Make accurate drawings illustrating the external structure of 
the following leaves; clover, rose, blackberry, ivy, vetch, sweet pea, 
clematb. Comment on any interesting features which they exhibit. 

3. Describe the structure of a typical foliage leaf, and show how 
that structure fits it to perform its functions. 

4. The leaf is sometimes described as ‘the principal factory of the 
world’; justify this statement. 

5. What do you know of the processes going on in a green leaf (a) by 
day, (b) after sunset? Describe any two experiments you have per- 
formed which support your statement. 

6. What is trartspiration, and what is its use to the plant? Describe 
how you would measure the rate of transpiration of a potted plant 
(a) by day, and {b) by night. What difference would you expect to 
find between the two measurements; give reasons for your answer. 
(L.G.S.) 

7. Make a list of all the features which are common to all or nearly 
all green leaves, and explain, as far as you can, the use of these 
features to the plant. 

8. How would you distinguish between (a) a stem bearing leaves, 
and (i) a compound leaf with its leaflets? Illustrate your answer by 
sketches, giving the names of the plants drawn. 

9. Describe two experiments by which you could demonstrate 
that leaves give off water vapour. How do external conditions affect 
this process? Account for their influence as fully as you can. 
(L.G.S.) 

10. Draw (i) an aerial, and (2) a submerged leaf of the water 
buttercup. What are the chief differences between the two ? Account 
for these differences as fully as you can. 

11. Describe the structure and the arrangement of the veins in 
a typical foliage leaf. What are the functions of these veins ? Describe 
one experiment which supports your statements. 

12. Describe carefully experiments you have carried out on the 
green plant, illustrating its function in relation to (a) transpiration, 
and (i) nutrition. (G.W.B.) 

13. What is trarupiration, and why must plants transpire? How 
could you demonstrate the path of the water current through a plant? 

(L.G.SO 
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14. How could you measure the amount of water (a) taken in, 
(b) given out by a green plant during a given period of time? (Ox.L.) 

1 5. Describe the structure of a typical foliage leaf and the functions 
which it performs. (L.G.S.) 

16. What is transpiration, and how is it performed in a green 
herbaceous plant? A potted plant w'hich is wilting may be revived 
by watering the soil, or often by simply spraying water around the 
plant with a fine syringe. Explain what happens in each case. 

G-M-B.) 

17. How would you demonstrate that a green plant is transpiring? 
How do atmospheric conditions influence the rate of transpiration? 
(J.M.B.) 

18. In what way is the general structure of a leaf fitted for the 
functions which it has to perform? (Ox. & C.) 

19. What arc the veins of leaves? Describe their appearance in 
three named plants as seen from the upper and lower sides. \Miat 
experiments could you suggest which would throw any light on the 
functions of the veins. (Ox. & C.) 

20. Describe the form and arrangement of leaves in a green 
herbaceous plant which you have studied. What arc the veins of 
a leaf and what are their uses? (J.M.B.) 

21. When rose leaves arc placed under hot water, bubbles of air 
are seen all over the under surface of the leaves, but there arc none 
on the upper surface. Explain the meaning of this observation and 
describe any two experiments which throw light on this phenomenon. 

22. What arc the functions of the transpiration current? How is 
the plant adapted to allow the passage of water, and how is the flow 

of the current controlled? (Ox.L.) 

23. What is meant by transpiration? How would you proceed to 

demonstrate that a cut shoot of a rose transpires? (Ox. & C.) 

24. Of what importance is water to a green plant? Describe an 
experiment by which you could determine the rate at which 
either entered or left a leafy shoot. Draw the apparatus you would 

use. (C.L.) , 

25. How would you find out the weight of water transpired by 
a plant in a pot in a given time? How would you proceed to Bnd t e 
weight transpired per sq. centimetre of leaf in 1 hour? (Ox. & C.) 
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CHAPTER XI 

THE SOIL AND ITS INFLUENCE ON VEGETATION 

SOIL BACTERIA 

Soil. We have seen how the green land plant obtains its raw 
materials, and we know something about the processes by 
which it elaborates them into food. We turn now to study the 
soil in which these plants are rooted and from which they 
withdraw both water and the mineral salts they require. 

The earth’s crust is formed of rock — clay, sandstone, lime- 
stone, &c. This rock becomes slowly broken up by weathering 
agents such as rain and frost, and forms the subsoil. The sub- 
soil is further disintegrated by similar agencies, as well as by 
the living creatures (e.g. plant roots, earthworms, &c.) which 
burrow into it; it becomes mixed with the decaying remains 
of dead plants and animals, and this mixture of minute rock 
particles and humus (decaying organic matter) forms the top 
soil from which plants draw their raw materials. 

SEDENTARY AND TRANSPORTED SOILS. SomcUmCS the tOp SOil 

has been formed where it is found; very often, however, rock 
particles are carried off to be deposited again, perhaps hun- 
dreds of miles from their place of origin; the alluvial soils of 
river deltas, the glacial-drift soils which were deposited in the 
far-off ice ages, are examples of these transported soils. The 
sea is another great weathering and transporting agent; certain 
pebbles picked up on the east coast of England have probably 
come from Norway, for example, as no rocks of stone similar 
to these pebbles can be found nearer. 

EXPERIMENTAL EXAMINATION OF THE SOIL. The SoU prOVid« 

the water and mineral salts which plants require. It must be 
so loose that the roots can penetrate it, and yet so firm that 
the same root can obtain a good hold and keep the plant, 
if it be a tall and top-heavy tree, firmly fixed in the ground. 
It must contain the necessary air and water, also all the sa ts 
which the plant needs. It is the first concern of every plant- 
grower to keep his soil in good condition, &c , and to make 
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good any deficiency in the necessary salts by suitable 
manuring. 

Let us now examine some garden soil, and see what we can 

learn about its properties. 

• 

Exercise. Spread out some dry garden soil on white paper and 
examine it with a lens. Notice the size and shape of the rock particles; 
also the fragments of blackish humus. 

THE SIZE OP THE SOIL PARTICLES. A MECHANICAL ANALYSIS. 

Experiment 40. Put some soil into a tall gas>jar. Mix to a paste 
with water, rubbing out all the lumps. Fill up the jar with water 
and stir well. Cover the open end with a glass plate and shake 
thoroughly. Now leave the jar to stand undisturbed for some days. 

The soil settles in layers at the bottom of the jar. Small stones and 
coane sandy particles arc the first to fall, then particles of progres- 
sively smaller size, the smallest being the last to settle. The very 
finest remain suspended in the water. Some humus b found on top 
of the soil layers, some b floating on the water. Thb experiment 
separates the soil into particles of different sizes and enables us to 
estimate the proportions of the various sizes in the soil. 

AIR CONTENT OF SOIL, 

Experiment 41. To show that soil contains air put some earth 
In the bottom of a measuring-cylinder and leave it to settle thoroughly. 
Read the volume of the soil and pour on it an equal volume of water. 
Air bubbles are seen to escape as the water gradually penetrates 
^ong the soil particles. The final volume of soil and water b much 
1 ^ than the volume of the soil added to that of the water. The 
difference obviously gives the amount of air that was trapped among 
the soil particles. 

WATER CONTENT 07 THE SOIL. 

Experiment 42. The water content is obtained by first weighing 
^ample of soil, then drying it at 100* C. until its weight b constant. 
The difference between the initial and final weights tells us the amount 
of water in the sample. By repeated experiments of this kind the 
average water content for the year can be estimated. 

CONTENT OF THE SOIL. 

Experiment 43, To dbcover the percentage of humus inthe soil 
take the dry soil left from experiment 42 and heat it strongly. The 
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humus bums away, the soil becomes lighter in colour. Continue until 
the weight is constant. The loss during burning gives the weight of 
humus present. 

The above experiments show that the soil consists of rock 
particles and humus, and contains air and water. Soils chiefly 
differ in: 

1. The nature of the rock from which they are formed. 

2. The size of the component particles. 

3. The amount of humus, air, and soluble materials which 
they contain. 

All these varying features exert a profound influence on the 
plants which grow in the soil, different soils having different 
properties. Let us look at some of the more important of these. 

SIZE OP SOIL PARTICLES. Many important properties of the 
soil depend upon the size of the constituent particles. In well- 
drained soils water adheres to each particle as a surface film, 
while air fills the spaces between (cp. Fig. 20). A number of 
small particles will hold more water in this way than one large 
one occupying the same space. For example, a cube of 10 cm. 
edge has a surface of 600 sq. cm. If the cube is subdivided 
into 1,000 smaller cubes of i cm. edge, the volume is unaltered, 
but the exposed surface is now 6,000 sq. cm., i.c. it has in- 
creased tenfold. The smaller cubes would, if dipped into 
water, hold ten times as much water on the surface as the one 
larger cube. For this reason a fine-grained soil, such as a clay 
soil, has a large water content and is often wet; a coarse sand 
has a small water content, that is, it is a dry soil. 

PORE SPACE AND AIR CONTENT. Thcsc also dcpcnd Oil the 
size of the panicles. Large particles do not fit so closely 
together as do fine ones; hence sandy soils are porous, there 
is little tendency for the particles to stick together, and they 
are easy to work. Clay soils, on the other liand, are impervious, 
often waterlogged and sticky in wet weather, and heavy to 


All cultivators of the soil try to improve its quality, to lighten 
heavy soils, and to make light soils more retenuve. By digging, 
ploughing, &c., they break up the soil, renew the air supph«, 
Ld increase iU porosity, keep down the weeds, &c., by 
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manuring they supply any raw materials that are missing. 
Most of our fellow men, even in these days of town life, are 
tillers of the soil. 

ORIGIN OP THE SOIL WATER, Thc water in the soil usually 
comes directly from the rain. Hence it is interesting to com- 
pare different soils, to see how much water they retain and 
how much of what falls on them they let through. Rain only 
percolates through thc porous layers of the earth’s crust; 
sooner or later it reaches impervious rocks on which it accumu- 
lates, forming the ‘underground water table’. In dry weather 
plants depend on water sucked up from below for their sup- 
plies; if this water tabic is not too deep they may even get their 
roots down into it. When cutting the Suez Canal, many desert 
plants were found with roots going down 30 feet. The Mes- 
quite, a tree of thc Arizona desert, is said to send its roots down 
nearly 50 feet, and settlers use it to indicate the presence of 
underground water. Even if plant roots do not reach this 
underground table, water may rise from it into the upper layers 
of the soil in lime of drought. This rise is due to a phenomenon 
known as capillarity^ a fundamental property of water and 
similar liquids, which makes them rise in very narrow (capil- 
lary) tubes. Thc narrower thc tube the greater the rise, hence 
it is obvious that clay soils can suck up water lietter than sandy 
ones. These facts arc illustrated by the following experiments. 


REtenttvity, porosity, and capillarity op different soils. 

Experiment 44. To compare thc retentivity of two samples of 
soil, take two glass funnels and fit them with perforated porcelain 
disks, On the disks place dry samples of the two soils to be compared, 
c.g, dry clay and dry sand. The two layers should be of the same 
depth. Support thc funnels over two measuring-cylinders. Pour an 
equal volume of water simultaneously on to the two soils. 

Observe: (1) Through which soil the water runs first. This is the 
rrme porous. Time the first drop. 

(2) The volume of water that eventually comes through the two 
toils. This enables us to compare their retentivities. Some soib hold 
tnost of thc rain that falls on them; others, with larger particles more 
loosely packed, let a great deal percolate through to lower levels. 



120 


FOOD AND ITS MANUFACTURE 

Experiment 45. To compare the rise of water through two 
columns of dry soil, take two glass tubes, about 12 inches long and 
1 inch in diameter. Tie muslin over one end of each, pack tightly 
with dry sand or clay, and stand the tubes with their ends in water. 



Fio. 27. Curves showing the rates at which water ascends in different soils 


The water travcb slowly upwards against gravity. Its height 
should be noted from time to time. The rise occurs more quickly in 
the sand, but tlxe final height attained is greater in the clay (cp. 

Fig. 27)* 

SOIL. A SUMMARY. Thc top soU is formed by thc wcathcring 

of permanent rock and an admixture of humus to the grains 
so formed. 
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The size of the soil particles varies in different soils, and 
many properties of the soil depend upon this size. Among 
these are its capacity for holding air and water, its porosity, the 
height to which water will rise through it in dry weather, its 
heaviness or lightness, &c. 

The amount of nitrates and other soluble salts contained in 
the soil depends chiefly on: 

(a) The nature and solubility of the contained minerals. 

(b) The amount of humus present. 

(r) The activity of bacteria. 

(rf) The manures which are added. 

livino inhabitants op the soil. The soil has a teeming 
population. I do not now refer to the moles, foxes, rabbits, 
mice, toads, slugs, mails, insects, earthworms, threadworms, 
&c., which make their homes in the soil, though these are 
numerous enough. Darwin estimated, for example, tliat there 
are fifty thousand earthworms in every acre of garden soil, 
while a thimbleful of soil was found to contain thirty thousand 
threadworms. All these creatures, and especially the earth- 
worms (cp. p. J51), play an important part in the formation 
of soil. But far outnumbering them all arc the bacteria, minute 
organisms of the simplest possible form, but with extremely 
important functions. 


BACTERIA are so small that we can see little of their struc- 
ture. They are minute one-ccllcd colourless plants, the cells 
spherical, rod-shaped, or curved. Apparently there is no 
typical nucleus, though particles of nucleoplasm seem to be 
scattered through the cell protoplasm, or even organized 
into a 'central body*. Tiny as these creatures are, they can 
grow and multiply at a tremendous rate; each cell enlarges 
and then divides into two by simple fission (cp. p. 37). As 
^is division takes place under favourable circumstances at 
least every half-hour, the possible increase is prodigious. Some 
one ^Iculatcd that, given favourable conditions, one bacterium 
could produce 7,000 tons of protoplasm in three days ! Bacteria 

rZ.uT'' important chemical changes 

result from their acuvity They arc not green. They can 

leather make own food. Ukc mo,t ^anta, nor Lg“" 
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solids, like most animals. Many are saprophyleSy i.e. they live 
on decaying organic matter; some are parasitic^ i.e. they live as 
uninvited guests in or on the bodies of other living creatures 
(cp. p. 190). Parasitic bacteria, living in the human body, 
cause many infectious diseases. 

SOIL BACTERIA. Of the bacteria living in the soil, Dvo groups 
are of fundamental importance to plant life. They are known 
respectively as the nitrifying and denitrifying bacteria. It will 
be remembered (see p. 70) that green plants cannot use the 
nitrogen of the air for food production; they must be supplied 
with nitrates. Now nitrates do not occur to any extent in the 
rocks forming the earth’s crust, and whenever a crop is taken 
from the soil that soil is depleted of its nitrate store. If this 
process continued indefinitely, cultivated soils would give 
poorer and poorer crops. This is happening in parts of India 
and China, and is a frequent cause of famine. But nitrogen 
supplies are renewed by wise cultivators, very largely by 
suitable manuring. There are, in addition, certain natural 
processes which help in the renewal (cp. Fig. 51). 

BACTERIA AS SCAVENGERS. The fact that the earth is not 
littered with the dead remains of plants and animals is due 
to the beneficent action of myriads of saprophytic bacteria 
(and fungi), the world’s most efficient scavengers. When dead 
bodies decay in the soil their proteins, &c., are broken down 
by bacterial action. The whole process is a g^radual one, each 
step being the work of one group of bacteria. Eventually 
ammonia is formed ; some of this gas escapes into the air; most 
of it becomes dissolved in the soil water. 

Certain bacteria can decompose this ammonia. With oxygen 
from the air and limestone from the soil they may convert it 
into calcium nitrate. Potassium nitrate, sodium nitrate, &c., 
arc other salts formed in a similar way. These nitrates arc then 
ready for the use of the green plant; here is one way in which 
the nitrogen supplies in the soil can be renewed. When animal 
manures arc added to the soil, they must always be decom- 
posed in a similar manner before green plants can use them 

as a source of raw material. . 

DENITRIFYING BACTERIA. Unfortunately the break-down ol 
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organic nitrogenous compounds does not always stop with 
their conversion into nitrates. Denitrifying bacteria may 
decompose the nitrates, producing free gaseous nitrogen; and 
free nitrogen, as we have already learned (cp, p. 70), is useless 
to most living organisms. Yet even here we find that other 
bacteria help, so that the nitrogen is not necessarily lost for 
ever to the world of living things. Such bacteria are called 
nitrogen-fixing. 

NiTROGEN-rixjNO BACTERIA convcrt frcc nitTogcn into nitro- 
genous compounds, which ultimately become available to 
green plants. These bacteria fall into two groups; 

(1) There arc some which live freely in the soil; these may 
be aerobic or anaerobic (see Chapter XXI). They ‘fix* nitro- 
gen, i.e, in the course of their living activities they cause it to 
combine with other elements to form nitrogenous compounds, 
as green cells cause carbon dioxide and w'atcr to combine to 
form carbohydrates. When the bacteria die and decay these 
nitrogenous substances are decomposed as described above, 
and here we have another way in which the nitrogen supplies 
of the soil may be gradually renewed. 

(2) There arc some nitrogen-fixing bacteria which are not 
free-living but inhabit the roots of certain green plants, 
particularly members of the family called Leguminosac, e.g. 
peas, beans, clover, sainfoin, lupins, &c. They penetrate the 
young roots, probably by entering the root-hairs, and cause 
characteristic swellings (nodules). Obtaining carbohydrates 
from the leguminous plants and also shelter in their tissues, 
these bacteria build up nitrogenous compounds from frcc 
nitrogen. These compounds are used by the leguminous plant. 
This is a third way in which the nitrogen supplies of the soil 
arc gradually renewed. The farmer often grows a leguminous 
crop, e.g. peas or beans, and, having harvested the pods, 
ploughs the old plants into the soil, where they act as nitro- 
genous manure. The substances thus added to the soil represent 

axed atmospheric nitrogen. 


Experiment 46. Dig up, wash, and examine the roots of leeumi- 
nous plants, such as clover, lupin, sweet pea, &c.. which are growing 
m ordinary garden soil. Notice and sketch the nodules. * ^ 
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Experiment 47. Shake up some soil with freshly distilled and 
therefore sterile water. Filter, divide the filtrate into equal portions, 
and sterilize one sample by boiling. Have ready three sterile test- 
tubes containing milk which has been sterilized by boiling. To one 
of these add the sterilized, to a second the unsterilized soil water. 
Plug all three tubes with cotton-wool and leave to stand. The milk 
to which unsterilized soil water has been added goes sour very 
quickly. We know that souring is due to the action of bacteria. 
Hence this experiment shows the presence of bacUria in the soil. 

Experiment 48. Take a sample of garden soil, and divide it into 
two portions. Sterilize one part by leaving it for at least 48 hours 
spread out in the drying oven (dry at lOO® G.). Sterilize some pots 
(set A) by washing in boiling water, pack these with the sterile soil, 
and plant in them bean and pea seeds. Plant similar seeds in pots 
(set B)t filled with the non-stcrilc garden soil. Leave on a window 
ledge to grow for some months. (Be careful to water the sterile pots 
with sterile water only.) Then remove the plants, wash and examine 
the roots. The ones from set B will usually have nodules, while there 
will be none on the roots grown under more sterile conditions. 


INFLUENCE OF THE SOIL ON THE DISTRIBUTION OP PLANTS AND 
ANIMALS. Soil and climate exert a great influence on vegetation. 
Forests can only flourish where there is an adequate water 
supply. On drier soils we find prairie, steppe, veldt, pampas, 
&c. — all the natural grass-lands of the world. The natine of 
the vegetation controls the conditions under which the animals 
inhabiting any region live, and hence the distribution of 
animals is largely dependent on the distribution of plants. 
Flowering plants have been classified, in respect of their water 

requirements, into three main groups: ^ ^ 

1. Hygrophytes, which can only exist in soils containing at 

least 80 per cent, of water. This group includes the true 
water plants, or hydrophytes, which actually grow in 
water, as well as those of the swamp or marsh (cp. p. 83). 

2. Mesophytes, which can only exist on soils contaimng from 

Oo to 20 per cent, of water. 

3. Xerophytes, which arc found on soU containing less than 

20 per cent, of water. . 

These three groups of plants differ from one anot m 
marked degree. Some of the more striking charactensucs ol 



5?u Broad Bean* showino Nodulm. Right, a young plant 

With noduiea beginning to show. Ufl, an older plant with noduia well 

developed. (Reduced) 
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Fio. 29. Section through hedge, ditch, and meadow (see pp. X2&-9) 
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hydrophytes (cp. pp. 272, 278), for example, are the reduction 
of root, reduction of conducting tissue, and increase of internal 
air-space which they display, combined with an absence of 
cuticle. Many of them possess more than one type of foliage 
leaf (cp. Fig. 79). 

Xerophytes are often very striking plants. In England, as 
we have seen (cp. p. no), we may study them on the sea- 
shore, on pebble beaches, on heaths and moors, and on the 
‘alpine* rockeries of our gardens. Growing in such places are 
typical xerophilous plants; they all have very charactcrisdc 
leaves. 

Exercise* The student should examine and draw such typical 
English xerophytes as samphire, stonecrop, bouseleek, prickly salt- 
wort, heather, &c. 

XEROPHYTIC STRUCTURE, 

Until recently we have believed that xerophytic modifications, such 
as reduction of leaf surface and other characters enumerated on 
p. Ill, existed to check transpiration. A small leaf, other things 
being equal, obviously loses less water than a large one, a thick leaf 
more than a thin one. Such was the very plausible argument which 
you will find repeated in many text-books. But recent experiments 
have shown that many xerophytes do not transpire less than other 
p ants (mesophytes) of the same size. The leaves may be small, but 
thCTc wc more of them. Xerophytes are able to live on dry soil 
prraaiily because, when the need arises, their protoplasm can be 
uned up to an extent which would kill the protoplasm of the ordinary 
mesophyte, and not because they necessarily lose less water by 

**h^k*^**^”* once again the danger of making statements 

wmeh have not been checked by accurate observation and experiment, 

soa AND VEGETATION IN ENGLAND. In a small country like 

our oum, where there are no great contrasts of climate, the 

ect influence of soil on vegetation is very obvious. 

FOREST. On the chalk and limestone of southern England 

predominate, while ash occurs in similar situa- 
(vih On stiff clay we find the wet oak wood 

“c pedunculate oak is the predominant tree): on 
sandy loams the dry oak wood (where the sessile oak u 
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predominant). It seems probable that England was once 
covered ^vith forest belonging to one or other of these types, 
while northern Scotland had pine and fir woods. 

It is obvious that the kind of forest depended primarily on 
the nature of the soil. 

SCRUB OR HEATH. When these woods were cut down they 
were replaced by an equally characteristic vegetation, known 
as scrub or heath. Heaths are formed in this way on dry sands 
and gravels, heather, heaths, whortleberry, &c., being the 
most characteristi-" plants. Wet oak wood is replaced by 
prickly scrub, containing hawthorn, blackthorn, gorsc, wild 
roses, blackberries, and many similar plants. On chalk the 
characteristic shrubs are white beam, spindle, elder, old man’s 
beard, &c. 

GRASS-LAND. This scrub is often replaced in its turn by 
grass-land. Much of our grass-land would probably return to 
scrub, and perhaps even to forest, if it were not for the activities 
of man and his domesticated animals. Horses, cattle, sheep, 
&c., crop the herbage so close to the soil that no bush can 
survive where they are turned out to feed. 

Exercise. The student should study the soil of his own locality 
and the various plant formations which grow on it. If he has a wood, 
hedgerow, pond, or other characteristic association near at hand, he 
will find it both interesting and instructive to watch the area all 
through the year; to note the times and seasons of the various plant 
and animal inhabitants and to keep an illustrated record of their 
development; to photograph them if he has a camera; to make a 
vegetation map of a small portion of the area, putting in every plant 
and every animal found in it. 

ECOLOGY, or the study of plants and animals in relation to 
their homes, is a branch of biology into which we cannot enter 
here. It is not a subject which can be learned up from text- 
books, but demands individual study in the field. Every 
student of biology should examine one or t\vo special habitats, 
noticing how the plant and animal inhabitants arc adapte 

to the special conditions that prevail. 

A hedge, for example, is within the reach of all (cp. ^ 

II). We can examine the plants that form it, the other plants that 
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grow up in its shelter, particularly the climbers that scramble 
over it to the light and air. Then tliere is its teeming animal 
population: the birds that nest in it in spring, shelter in it in 
rough weather, and eat the berries, nuts, &c., it provides; the 
spiders who spread their webs on its branches; the insects 
which, particularly in the larval stage (caterpillars, grubs), 
feed on its leaves; the snails and slugs; the little mammals 
(field-mice, hedgehogs, even rabbits, &c.) which shelter in the 
ground beneath (cp. pp. 527-31). 

Such observations open up a whole new realm of knowledge. 
Many other habitats can be studied — woods, pastures, ponds 
and streams, the seashore, &c. (cp. Appendix II). Always we 
should make a list of the plant and animal inhabitants, should 
study their ways of life, their feeding habits, and their mutual 
interdependence on each other. The following questions, and 
reference to Appendix II, will guide you in these observations. 


QUESTIONS ON CHAPTER XJ 


r. Give some account of the ways in which the higher plants may 
be modified cither for life in water or under conditions of extreme 
dryness. (C.W.B.) 

2. Give illustrated descriptions of three named plants characteristic 
of the sea coast or high moor or fresh water. (G.L.) 

3. Describe the general form and habit of three plants which you 

have observed growing in a pond or stream, noting especially any 

features connected with the conditions under which they were 
growing. (J.M.B.) 


4. Describe an experiment by which you would demonstrate the 
diflerenctt between (a) a ‘heavy’ and a ‘light’ soil, (A) a wcll-cultivatcd 
patch and the otherwise similar surrounding soil. In what ways does 
tillage improve the fertility of the soil? (L. Matric.) 

5. Write a short account of the soil conditions of any plot of land 
that you have studied, and of the vegetation found there. (J.M.B.) 

b. A ye^ ago I dug into a garden plot a heavy dressing of strawy 
manure. On digging over the plot again a month ago I could not 
find a single unchanpd straw; in fact, so far as the eye could sec. 

Wf 7'^ disappcarcd-somc people would say it had 

rotted away Explam the disappearance of the straw. (J.M.B.) 

7 * Discuss the importance of soil bacteria. (Ox L ) 

4061 ' ■ *' 


B 
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8. Discuss the nature of the non-living components of an ordinary 
fertile soil. Which chemical constituents of the soil are essential for 
healthy plant growth? Describe an experiment by which you could 
determine the proportion of humus present in a sample of garden 
soil. (C.L.) 

g. Give an account of the flora of a moor, and point out in which 
way the plants you name are adapted for life in such a situation. 
(L.G.S.) 

10. What is meant by a plant community? Select any plant com- 
munity you know well, and describe, in the first place, how the plants 
come to be there, and secondly, how it is that their roots and shoots 
6t in together without starvation or other injury. (L. Matric.) 

11. Give an account of any plant community you have studied. 
In what ways are the plants adapted to the particular environment 
in which they live? (L.G.S.) 

12. Describe the conditions of life either on a sand-dune or in a 
damp oak wood. Select any two plants which are found in the 
habitat which you describe, and point out how they are specially 
filled to their environment. (L.G.S.) 

13. Name the principal trees in any wood you have studied, and 
six herbaceous plants growing in this wood. Stale the time of year 
at which any two of the trees and any two of the herbaceous plants 
produce leaves and flowers. Sketch the whole external form of these 
two plants when in flower. (J.M.B.) 

14. Give an account of the vegetation of a hedgerow or any small 
area of natural forest, or woodland, or moorland, or heath which you 
have studied. Describe the seasonal changes in the vegetation of the 
selected area. State where the area b situated. (C.L.) 

15. Either. Write an account of any scries of biological observations 

which you have carried out in a garden. 

Or. Give a concise description of the plant life and the nature of the 
environment of any chalk down, or meadow, or lawn, or tropical 

savannah, or rain forest which you have studied. (C.L.) 

16. Describe any piece of natural vegetation or cultivated ground 
you have studied. Mention the names of the commonest plants found 
there, and state for two of these plants the approximate dates when 


the following events occur: , , s • 

(a) Unfolding of leaf buds, (A) opening of flower buds, (c) ripening 

offruits, (d) fall of leaves. (Ox. &C.) , vou 

1 7. Give an account of the vegetation of any one plant habitat you 
have studied as it appears in {a) summer, (t) winter. (Ox. & C.) 
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PART III 

THE FOOD OF ANIMALS 

CHAPTER XII 

CAPTURE OF FOOD BY ANIMALS. THE PROCESSES 

OF DIGESTION 

Plant food. In the last chapters we learned that food is made 
by green plants in the manner summarized below: 

(1) COg-t-HgO ->■ carbohydrates. 

(2) I ►Oils and fats. 

(3) Carbohydrates -f- nitrates, sulphates, and phosphates 
-► proteins. 

(4) Carbohydrates, fats, proteins, &c. ->■ protoplasm. 
ANIMAL FOOD. Now animals do not possess this power of 

manufacturing their own food from inorganic substances. 
They obtain all their food ready-made. This food, as we have 
seen (cp. p. 75), can always be traced back to the activity of 
some green plant. Sometimes the food chain uniting the 
animal with the plant on which it ultimately depends is a long 
one; for example: 

Man -► codfish -► plaice -► small shellfish -► minute green 
plants in the sea. 

Or : Man milk -> cow -► grass. 

All animals depend ultimately on plants for their existence. 

FOOD-CAPTURE BY ANIMALS. Animals have to find their o%vn 
food, and exhibit a great variety of feeding mechanisms. The 
structure and habits of the animal arc intimately connected 
with its method of feeding. The apparatus for the capture of 
food varies with the food used. The cat, like all carnivores, is 
stealthy in its movements, its padded feet facilitating a soul- 
less approach to its prey. It has sharp teeth (cp. Fig. 39 ^ 
claws which can be withdrawn so that they make no sound 
during movement, and highly developed sense organs, ^ 
adaptations which aid in the catching of the prey. Contrast it 
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with the more passive, hoofed, fiat-toothed (cp. Figs. 39 A and 
B), herbivorous cow, which crops grass, swallows it without 
mastication into the first of its four ‘stomachs', only to return 
it later to its mouth, to ‘chew the cud’ at leisure. This way 
of food-getting is very well suited to animals which arc the 
hunted, not the hunters. It enables them to crop their bulky 
vegetable food as speedily as possible; they can then retire to 
a safe place to chew and digest it without fear of interruption. 

Birds of prey may be compared with carnivorous mammals* 

they have sharp talons, hooked beaks, and powerful wings 

Cagles, owls, &c.). It requires very little study to show that 

there is, in all birds, a striking correlation between their way 

of life and the structure of their various organs, feet, beaks 
wings, &c. 01, 

As we continue our study of animals, we shall discover 

many adaptations which aid them in tlie difficult task of food- 

^pture The fife of an animal is passed largely in a search 

for suitable food, and in the constant endeavour to escape from 
Its enemies. 


animal movement and its co-ordination. Animals must 
move about in search of food, and the study of animal movc- 
ment, and of the protective colorations and other camouflages 
which help them to escape their enemies and to stalk their 

extraordinary interest. They can walk, run, 

movement^ 

^ll\ ^^rnai is more 

^ l are very rapid. This is particularly notice- 

able in the higher ammals, in which so many organs act in 
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In all these features there is a marked contrast between the 
animal and the plant. The plant can be much more passive 
than the animal, for it has merely to spread out its green cells 
to the light and air and to thrust its roots down into the soil. 
Hence its body is spreading and indefinite in shape and it 
grows all through life. Its responses, even those of the highest 
plants, are slow and much less varied than those of tlic animal 
(cp. Chapter XX). These constant differences between the 
typical plant and the typical animal (cp. p. 31) are closely 
connected with the very different ways in which the two 
organisms obtain food. This dijference in nutrition is the funda- 
mental difference between plants and animals. 

DIGESTION OF FOOD. The food capturcd by an animal cannot 
at once be incorporated into its protoplasm. Smith minimus, 
the new-born baby weighing about 7 lb., grows into Smith 
major, weighing perhaps 11 or 12 stone. A certain amount of 
his food is used to make new ‘Smith* protoplasm. It follows 
that the bread and cheese, ham and eggs, roast beef and York- 
shire pudding — all the diverse substances which Smith will 
devour in the course of his life — must undergo very con- 
siderable chemical and physical changes before they can be 
incorporated into his protoplasm. We call these changes 
digestion and assimilation. 

Digestion, like respiration, excretion, and other charac- 
teristic living activities, is a process common to plants and 
animals. We have, for example, examined the solid starch 
grains in the cells of a bean cotyledon and a green leaf (cp. 
Fig. 18). Such solid granules cannot escape from the storage 
cells. They must first of all be digested, i.c. changed into 
substances that are soluble in water and whose molecules are 
small enough to diffuse from cell to cell (cp. p. 78 ct seq.). 
When once the molecules are sufficiently small, usually neimer 
the protoplasm nor the cellulose wall offers any barrier to eir 

animal digestion and AssimLATioN. Animal food mmt l^c- 
wbe be digested. When any creature has captured its looci it 
is only at the beginning of the chain of events which wffi lead 
to the renewal of its supplies. The food is usually swaUowed 
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into an internal cavity or tube, the gut or alimentary canal in its 
broadest sense. This gut is merely a space within which the 
food can conveniently undergo digestion. Only when quite 
soluble can it pass through the wall of the food canal to be 
used by the body cells. Indeed, some food never gets to 
those cells at all. This is the fate of all indigestible matter, 
which is simply expelled as faeces from the gut cavity. 

Since animals feed on ‘foreign’ food, they must not only 
digest their food but assimilate it. Grass proteins, for example, 
arc not bullock proteins, nor arc bullock (beef) proteins 
idendcal with human ones. Each animal must build up from 
its food the exact chemical compounds its body requires. This 
is the process known as assimilauon. 

We now turn to carry out a few experiments which will 
teach us something about the nature of digestion. 

DIGESTION OP STARCH. Let US first try to discover what 
happens to the starch which is found as a reserve food in so 
many plants. 


Experiment 49. Cover some dry, ungerminated barley grains 
with distilled water, and crush in a pestle and mortar. Pour off some 
of the milky fluid into two test-tubes, and test one sample for starch 
wih lodme solution, the other for sugar with FelUing’s solution. 
The barley grams contain stored starch, but no sugar. 

^perimeat 50. Repeat the previous experiment, using sprouting 
^ms wuh radicles 5-10 inches long Instead of dormant ones. 

(IN.B. The grams are germinated in the dark.) Abundant sugar is 
present in the seedlings. ® 

Experiment 5.. Examine (a) ungerminated and ( 4 ) germinating 
bro^-bean teed, for ttarch and .ugar. Chop up the parU to bo 
tested and place the fragments in test-tubes. In (i) lest the radicle 
Md plumule as well as the cotyledons. Starch is present in the 
resting embryo, but no sugar. After germination in the dark sugar 
u present as well, particularly in the young plant axis. ^ 

Experiment 5a. Repeat the previous experiment, using (a) a dor. 
mact potato tuber, which has been storcid in a ^old dl^ olace 

ioL*e w***"!^ in’thc^^k for 

IODIC weeks, has begun to sprout, 

'°ntaln, abundant 

^ch but little or no sugar. There is much more sugar 
tproutmg tuber, espeaally m and near the groiving shoots* (eyes). 
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STARCH TRANSFORMED TO SUGAR. Thc abovc experiments all 
illustrate a process of digestion. Insoluble starch is transformed 
to sugar, which is both soluble and diffusible. What causes 
this change? What is it, for example, which makes starch, 
which has been inert all winter in a barley seed, begin to 
change to sugar when that seed is planted in the spring? 

Starch may be converted to sugar in the laboratory in the 
following way : 

Experiment 53. Prepare a starch paste, by weighing out 1 gm. 
of dry potato starch; add a little cold distilled water (about 10 c.c.). 
Stir vigorously and pour on about 90 c.c. of boiling water. Boil for 
a minute, stirring all the time. Allow to cool. 

Put some of this paste into two separate beakers and, having added 
a few drops of strong hydrochloric acid to thc contents of one beaker 
(A), put both on to boil. Remove samples of the two liquids at 
intervals and test for starch and sugar. The results of tests on the 
contents of A would be s imil ar to those given below, while in beaker B 
no such changes occur. 


Time j 

Effect of iodine test 

Effect of Fehling*s test 

About 4 minutes 

Blue coloration 

No red precipitate 

» 8 „ 

Red-brown coloration 
(denoting dextrin) 

A trace of red precipitate 

0 >3 „ 

Yellow-brown coloration 

A distinct ,, 

» 16 „ 

No coloration 

Increased „ ,» 


Evidently the starch in A has been decomposed, as the result of 
the combined action of the heat and the acidulated water. It is 
gradually transformed to sugar, passing through various intermediate 
stages in the process. 

The laboratory method just described, which involves pro- 
longed boiling, is obviously not the way in which starch is 
converted to sugar in living cells. How do such cells carry 

out this process? ^ 

DIGESTION THE WORK OF ENZYMES, Digestion is brought about 
by certain substances called enzymes. These are probably 
present in all living cells and may play a part in every vital 
activity. They arc substances of organic nature, which can 
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be extracted from the cells and still retain their power. These 
enzymes have many characteristic properties, which we may 
summarize as follows: 

I. They are made by living protoplasm, but are not 
themselves alive. 

1 1. They occur in large numbers, each enzyme being specific 
in its action, i.e. it acts on one kind of foodstuif only, and 
brings about one quite definite chemical change. 

III. The action is reversible; e.g. if an enzyme changes 
starch to sugar when there is abundant starch and little sugar, 
it will also transform sugar to starch where there is plenty of 
sugar and little starch. Hence, in a rapidly assimilating green 
leaf, sugar is being continually transformed to starch (cp. 
p. 64). But after sundown, when sugar is no longer being 
formed, the stored starch is gradually, by the same enzyme, 
changed back to sugar. 

IV. The enzyme remains unaltered during the action. 

V. Hence small quantiues of an enzyme can change large 
amounts of food. ® ® 

VI. Enzymes act best in a definite medium, some requiring 

alkaline, and others a neutral solution. 

VIL The enzyme is usuaUy destroyed by healing above 

50 


CLASSIFICATION OF THE ENZYMES. The cxact chemical com- 
posmon of these substances is not yet known, so we can best 
cl^ify them according to the kind of food on which they act 

hySlm "" act on some cLbol 

Lipases are those enzymes which act on oil or fat. 

Pnleases are the enzymes which act on proteins. 

Historical. It is striking how Uttic was known about 

comparauvely recent times. The processes of 
feimentauon Cep. p. 363). which are also due to eTzYme 

werrto'dlnseTr" ‘I antiquity, but many centuries 
Ml Cle^ Cine nf r fi' these processes became at 

^ recorded scientific experiments on 

(.7^00)'® HHu^r S Abbot Spallanzani 

V. / 9 99)* He enclosed meat m perforated metal balls, then 
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swallowed the balls, recovered them from the faeces after 
they had passed through his alimentary canal, and examined 
the meat to see what changes it had undergone. Since that 
time our knowledge of enzymes has been greatly increased. 

ENZYME EXTRACTS. Enzymes arc particularly abundant in 
the digestive juices of the higher animals. They are also present 
in comparatively large quantities in rapidly growing plant 
tissues; the awakening of dormant seeds, &c., is always 
accompanied by a great increase in enzyme activity. These 
substances are easily extracted from the bruised or finely 
minced tissues of plants and animals. If, for example, we grind 
up germinating barley seeds in w'ater, and filter off the fluid 
so obtained, this liquid contains an enzyme, called diastase oj 
malty which affects starch, transforming it to sugar. Many of 
these extracts can be bought from the chemist; one of the 
best-known being rennety which is used for making junket. 
They are useful in medicine, and also in many industries. Let 
us now study their action by suitable experiments. We shall 

require: 

i. Diastase of malty a greyish powder obtained by a process 
of extraction from germinating barley seeds, 

ii. Liquor pancreaticuSy a liquid extract from the mammalian 

pancreas. . « , va 

iii. Liquor pepticuSy a liquid extract, or pepsin fiakeSy a solid 

preparation, from the stomach. 

iv. Lipascy a powder obtained from an extract of the mam- 
malian pancreas. 


EXPERIMENTS WITH ENZYMES AND ENZYME EXTRACTS. 

Experiment 54. Add a pinch of diastase of malt ^ 

nastc (CD exp S'?) in a test-tube. Keep this at about 40 C., remo 

a. in.crval, of .5 minu.e, (or leave um.l .he 

next lesson), and test for starch and sogar. eon.aining 

ftiioAf test Gfives positive result* In ft co 

sta^rch paste only, no sugar appears. The enzyme extract as 

verted the starch to sugar. o • j ^nr 

The most easily obtainable cnzymc-containmg fluid m our 
ow?boX I the saUva of the mouth. Let ua exanune rt. 


action. 



ENZYMES 139 

Experiment 55. Take a mouthful of warm water, wash round 
the mouth for at least a minute, and collect the liquid, which contains 
saliva, in a clean test-tube. 

Add some of this liquid to starch paste to which a trace of common 
salt has been added. Add some boiled saliva-containing liquid to 
o second sample of starch paste. 

Keep the tubes warm (35“40® G.) by immersing them in a water- 
bath. Remove samples of the solutions at intervab, and test for starch 
and sugar. At first tliey both contain starch. Later a reducing sugar 
appears in the one tube, but not in the other; this tube, in the end, 
does not give the reaction for starch, though this reaction is obtained 
unaltered in the control tube. 


ACTION OP SALIVA. We Icam that saliva, given suitable 
conditions of temperature, &c., converts starch to a reducing 
sugar (maltose). Its action is destroyed by boiling. 

The effect of the enzyme (called ptyalin) is to split the large 
starch molecule, whose chemical formula, still unknown, is 
probably approximately C^2o<M2oooOiooo* into a number of 
smaller molecules of the sugar maltose, a disaccharide (cp. 
p. 142), whose formula is GjjH220jj. At the same time water 
IS added, so that wc have here an example of a well-known 
chemical process called hydrolysis. PtyaUn is an enzyme 
which acts chiefly on boiled starch. 


Experiment 56. Add ‘liquor pancrcaticus*, an extract from the 
pancreas of the pig, to starch paste, keep at 40* G., and test as before, 
ine starch ts converted to sugar. 

To aiustrate the fact that one effect of enzyme action is to 
convert indiffusible substances into diffusible materials, we 
may set up the following experiment. 


Experiment 57 Soften two Whatman's diffusion shells by soaking 
^cm in both with starch paste, add diastase to^one (A), 

W Plug the shells with cotton-wool. Suspend 
^cm m two beakers of distiUed water, and set aside in a warm plac,: 

^ter some time remove the shells, concentrate the water in the two 
beakers, and test for starch and sugar 
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EXPERIMENTS WITH PROTEASES. 

Experiment 58. Chop up some boiled egg-white or, better, pass 
it through a fine sieve. Test a htilc by the Biuret test, and notice the 
violet coloration (cp. p. 54). Now add to a sample of the egg-white 
some ‘liquor pcpticus’, and keep the test-tube warm. After half an 
hour notice that the liquid looks clearer. The egg-white is going into 
solution. Pour off this solution and repeat the Biuret test. A rose- 
red colour is obtained in place of the violet. This is a test for peptorus. 
The protein is being split up into peptones, nitrogenous compounds 
of simpler chemical nature, which are both soluble and diffusible. 

Experiment 59. Put some chopped-up egg-white into two What- 
man diffusion shells. Add a 0*4 per cent, solution of hydrochloric 
acid to both (since the enzyme pepsin^ contained in ‘liquor pcpticus’, 
requires an acid medium for its action; cp. p. 137). Add ‘liquor 
pcpticus’ to one of the tubes, plug both with cotton-wool, immerse 
the lower end of each shell in a beaker of distilled water, and keep 
both in a warm place. After 24 hours the water surrounding the 
one shell will, if the Biuret test be applied, yield the rose-red colour 
characteristic of peptones. No reaction is obtained when the test is 
applied to the water surrounding the other tube, the one to which 
no enzyme was added. 

Once more we learn that digestion, by reducing the size of 
the molecules, enables food to pass through membranes which 
are impermeable to the original food substance. 

Experiment 60. To show that pepsin requires an acid medium 
for its action place equal amounts of fibrin (a protein prepared from 
blood) in three test-tubes, labelled B, C. Add to ^4 a small volume 
(say 5 c.c.) of pepsin solution (or a somewhat larger volume of ‘liquor 
pcpticus’) and an equal volume of a 0*4 per cent, solution of hydro- 
chloric acid. 

To B the same volumes of boiled pepsin and of 0*4 per cent. HCl. 

To C the same amount of pepsin (unboiled), but replace the 0*4 
per cent, solution of HCl by an equal volume of distilled water. Place 
all three tubes in a water-bath (40" C. is best). Observe carefully the 
changes that occur, and you will find that the fibrin gradually 
becomes transparent, and eventually completely dissolves in A. It 

remains unaltered in B and C. , .j 1 « 

This shows that neither the pepsin alone nor the acid alone can 

digest fibrin, but that the pepsin can only act in an acid medium. 
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EXPERIMENTS WITH LIPASES. 

Experiment 6x. Take two test-tubes and put into each a little 
olive-oiJ and water; add to one a few drops of caustic potash, and 
shake. The one liquid has formed a permanent emulsion; it b a milky 
fluid. In the other test-tube, oil and water separate again — no perma- 
nent emulsion has been formed. 

Emulsification plays an important part in the digestion of 
fats; the fats, when emulsified, arc broken up into minute 
droplets, which present a very large surface to the enzyme, 
and so make the fat more susceptible to the action of the lipase. 

Experiment 62. Shake up some olive-oil, water, and lipase in 
a t«i-tube, and leave to stand. Compare this with a second tube to 
which no lipase has been added. The oil and water mix in the first 
tube, and the oil is no longer vbible. There b no mixing in the 
second. Thb shows that the lipase has begun to digest the fat. 

EXPERIMENTS ON DIGESTION. A SUMMARY. The abovc experi- 
ments serve to illustrate the processes at work wherever food 
is digested, whether in plant or animal. In every case it is 
made soluble and diffusible by enzyme action. In a few plants 
and in the majority of animals this digestion is carried out by 
definite digestive organs whose structure is specialized for that 
particular purpose. These organs exhibit every gradation of 
structure from the very simple to the extremely complex. In 
vertebrate animals the alimentary canal is very highly 

developed. We shall return to the study of these matters in the 
following chapters. 

THE CHEMICAL COMPOSITION OF CERTAIN FOODS IN RELATION 
TO ENZYME ACTION. Digestion is very largely a chemical process 
in which the enzyme acts as does a caulyst in many chemical 
reacuons; hence, for a more detailed study of digesuon a 
greater knowledge of chemistry is desirable than will be pos- 
sessed by most readers of this book. Yet the foUowing general 
facts are not difficult, and, if understood, they greatly help in 
the study of our own processes of digestion. 

The molecules of all the more complex foodstuffs are aggre- 
gates of some much smaller unit, Just as certain artbtic designs, 
certain musical compositions. &c.. arc formed by the lining 



*42 FOOD OF ANIMALS 

up of many *repeat 5 ’ of some simpler theme which forms the 
basis of the more elaborate structure. 

THE PROTEINS AND PROTEASES. Protein molecules, for 
example, consist of a large number of amino-acid groups. An 
amino-acid is a fairly simple nitrogenous compound, and it 
seems certain that, in the synthesis of proteins by green plants 
(cp. p. 74), amino-acids are formed first, proteins being 
derived from them by the condensation and linking up of a 
large number of amino-acid groups; this condensation is the 
work of enzymes. The amino-acids will difTuse, but the large 
protein molecules thus formed are usually indiffusiblc. 

THE DIGESTION OF PROTEINS. In the digestion of proteins 
these processes are more or less reversed, the molecules being 
split up by the appropriate enzymes into smaller and smaller 
units, until finally amino-acids are formed once more. Thb 
splitting always involves the addition of a certain number of 
molecules of water (hydrolysis). 

Proteolytic enzymes fall into three main groups: 

1. Pepsitis are enzymes which convert proteins to peptones, 
soluble substances with a much smaller molecule than the 
proteins from which they are derived. 

2. Erepsins can convert the peptones to amino-acids. 

3. Trypsim arc enzymes which can bring about the com- 
plete conversion of protein to amino-acid. Proteins are 
generally reduced to amino-acids in the course of animal 
digestion. 

CARBOHYDRATES AND CARBOHYDRASE3. Thc morC COmplcX 

carbohydrates may be regarded as thc product of a condensa- 
tion of many sugar molecules, just as proteins arc formed by 
a condensation of amino-acids. We have learned that thc 
simplest sugars, called mono-saccharidest have the formula 
CsHjaOg (cp. p. 54). A large number of these sugars are 
known; there arc, for example, at least thirty forms of glucose 
alone. They differ in the way the constituent atoms arc 
arranged in space, in what we might call the pattern of thc 
molecule, and not in thc number of its constituent atoms. 

Two monosaccharide molecules may be condensed, with the 
elimination of a molecule of water, to give a di-saccharide sugar; 
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qCqHjjO,— H gO = C,2H220 ji. Sucrose (cane sugar), lac- 
tose (milk sugar), and maltose (formed during the digestion 
of starch) are familiar disaccharides. 

A further condensation of disaccharidc molecules, with the 
elimination of more water, gives the poly-saccharides (CeHiaOj)*. 
Familiar polysaccharides are starch, glycogen or animal starch, 
and cellulose. 

THE DIGESTION OF CARBOHYDRATES. The dlgestlon of these 

large-molcculcd carbohydrates is again a process of splitting 
up the molecule with the addition of water. Polysaccharides 
are reduced to disaccharides, and disaccharides to mono- 
saccharides. The chief enzymes which digest carbohydrates, 
with the products they form, are given below: 


Poly* 

saccharides 

1 

Encymi 

Disaccharides 

Enzyms 

Mono- 

taccharidu 

Starch 

Amylase* 

Maltose 

Maltase 

Glucose, 

Cellulose 

Cellulase, 
also called 
Cyiase 

Cellobiose 

CcUobiase 

2 types 
Glucose 

Glycogen 

Glycogenase 

Maltose 

Lactose (milk 
sugar) 

Sucrose (cane 
sugar) 

Maltase 

Lactase 

Sucrase 
(also called 
Invertase) 

Glucose (2) 
Galactose) 
Glucose / 
Glucose 
Fructose 


• Ptyalm, the enzyme found in saliva (cp. p. 139), b often called salivary 
amyla^ imee U belongs w this group. These old names (e.g. piyalin) were 
pven before anyih.ng was known of the chemistry of djcsc substances. 
^ increases a new method of naming them wiU undoubtedly 

We see that the digestion of a polysaccharide is a complex 

process, in which at least two enzymes participate. The end 

result IS the formation of a soluble and diffusible mono- 
saccaaride sugar. 


QUESTIONS ON CHAPTER XII 

1. How do plants obtain their food? Of what substances does this 
food consist? In what ways docs it differ from the food used by 
animals? (C.L.) 

2. Describe the mode of feeding of (a) an amoeba, (b) Spirogyra, 
and point out why the former is called an animal, the latter a plant. 

3. Write a short essay on ‘Nutrition and the Interdependence of 
Plants and Animals’, (L.G.S.) 

4. Write a short essay on animal food, and describe, for three 
named animals, the ways in which they capture their food. If 
possible, the second part of your essay should be based on personal 
observation. 

5. What do you understand by digestion? Describe three experi- 
ments which throw light on this process. 

6. What are enzymes, and what arc their chief characteristics? 
Name the chief classes of digestive enzymes, and say what you know 
of their action. 

7. How is starch digested? Describe two experiments which 
illustrate this process, one showing digestion in a plant cell and the 
other digestion by an animal. 

8. Write a short essay on proteins, saying what you know of their 
manufacture and their use to the living cell. 

9. What do you know about the digestion of proteins? Describe 
any two experiments which support your statements. 

10. What do you imderstand by (1) an enzyme, (2) a protein, 
(3) an amino-acid, (4) a polysaccharide, (5) a monosaccharide? 

11. In what parts of a plant may food be stored? Mention definite 
examples in each case. State the nature of the principal stored 
material. Explain how such food resources are rendered available 
for use by the plant. (Ox.L.) 

12. Write a short essay on the ways in which plants and animab 

are dependent on one another. (L.G.S.) 

13. Write short explanatory notes on the following: pupa, 

secretion, chlorophyll, digestion. (L.G.S.) ^ 

14. Explain briefly the importance of ferments (enzymes) m the 
life processes of organisms, and give one example each from plant and 
animal life, explaining fully their uses to the organism. Arc «nzymcs 
living substances and can they work when removed from the bodyr 

(Ox.L.) 
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CHAPTER XIII 

FOOD-CAPTURE. DIGESTIVE ORGANS AND 
PROCESSES OF DIGESTION IN CERTAIN 
INVERTEBRATE ANIMALS 


Increasing complexity of digestive organs. A study of the 
digestive organs of animals reveals an advancing complexity 
as we pass from the lower 
to the higher forms. 

In the Amoeba (Fig. 7), 
there is merely a tem- 
porary food vacuole in 
which the food remains 
until it has been digested 
and absorbed. Any indi- 
gestible residue is voided 
at a temporary aperture. 

HYDRA. This is a small 
fresh-water animal, multi- 
cellular, and with a body 
which is more highly or- 
ganized than that of Amoe- 
ba. Several species may 
be found in British ponds, 
all very s imil ar in struc- 
mre. 



Exercise. Examinealiving 
hydra (a) with a lens, (^) under 
a low-powcr microscope. 


Fio. 30. Two specimens of Hydra, 
one contracted, the other extended, as 
when it is ‘fishing’ for food. The latter 

has two buds 


The little creature is 

about 6 or 7 mm. long when fully extended; one end is 
usually attached to a water weed; at the other (free) end 
there is a mouth surrounded by a ring of tentacles (see 
Fig. 31). This mouth, the only external aperture, leads into 
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a central cavity, the digestive cavity or coelenteron, which even 
extends into the tentacles. The body-w'alJ which encloses this 
cavity consists of two layers of ceils only, an outer ectoderm 
and an inner endoderm. 

FOOD-CAPTURE IN HYDRA. Hydra lives chiefly on tiny ‘water- 
fleas’, on fish eggs, &c., for which it ‘fishes’ with its extended 
tentacles. Among the ectoderm cells are small stinging cells, 
called cnidoblasts; these are particularly numerous on the 
tentacles, where they a re grouped in ‘batteries*. From each such 
cell a hollow, thread-like dart can be ejected, which is shot 
out at the animal that is being captured (cp. Fig. 33). This 
becomes entangled in the thread, which acts as a ‘lasso’, 
while a little poison may also be injected into it. Numb, or 
already dead, the unfortunate victim is swept by the move- 
ment of the tentacles into the mouth, which opens widely to 
receive it. 

DIGESTION m HYDRA. Oncc Within the gut cavity, the Hydra 
digests its food in one of two ways. Certain endoderm cells 
may thrust out pscudopodia into the cavity of the coelenteron 
and ingest solid particles. Such solids, chiefly partly digested 
substances, undergo complete digestion within the cells that 
engulf them. The mechanism here is similar to that found in 
Amoeba; it is intra-cellular. 

On the other hand, enzymes may be poured into the gut 
cavity itself by the cells adjacent to it ; a protease and probably 
a lipase arc secreted in this way, the secretory cells being 
found in the endoderm, chiefly near the mouth. Meanwhile 
flagellac keep the food in motion so that it becomes thoroughly 
stirred up. VVe have here a mechanism which may be com- 
pared to that of the higher animals, the coelenteron or gut 
representing a true digestive cavity; within it solid food is 
made soluble and diffusible, so that it can be absorbed. Any 
indigestible residue is voided by the mouth; there is no anus 

in Hydra. . u v. 

HYDRA HAS NO CIRCULATORY SYSTEM. Oncc it has been ao- 

serbed into the body cells, food can pass quite easily from one 
cell to another. No circulatory system is necessary in so simple 
an organism. It has, however, a primitive nervous system 
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by which the activities of its various cells are co-ordinated. (Cp. 
p. 209.) For the creature is an individual, in which the cells of 
the body are acting in the interest of the whole organism. They 
arc like the separate instruments of an orchestra, each playing 
its own essential part, yet each subordinate to the whole. The 



Hydra-bud 


Ectoderm layer 
elentcron 

Ovary 

(cont. one ovule) 
Basal disc 


Fio, 31. Longitudinal section of a hydra 
(diagrammatic) 

conductor’s baton co-ordinates the actions of the individual 
playere, the nervous system that of the individual ceils. How 
weU these act together in the body of a hydra is seen very 
clearly when we study its movements, 

MovEMyre m HYDRA. A hydra is capable of fairly rapid 
movement. When «amining it under the microscope you will 
have observed ^at it contracts, when disturbed, until its body 

‘'"tacles protruding as little blunt 
knobs. It IS by such contractions and extensions of the body 
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cells, particularly those of the tentacles, that it ‘fishes* for its 
actively moving ‘food’ (cp. Fig. 30). 

Occasionally the animal moves from one place to another. 
Sometimes it does this by sliding along on its base; sometimes 
it bends over, fixes itself by its ‘head’ end, draws its ‘foot’ end 
up towards its mouth, and then straightens itself again, moving 
in the manner of a ‘looper* caterpillar (cp. Fig. 32); sometimes 



Fig. 32. The movenientj of iocomotioD in Hydra 


it may literally ‘turn head over heels*. It can also ‘swim* 
through the water. 

Obviously it is not only in its feeding mechanism that Hydra 
is more ‘specialized’, more ‘highly organized*, than an amoeba. 
Indeed, by studying this creature we begin to understand what 
the biologist means by these terms. 

SPECIALIZATION AND DIVISION OF LABOUR IN HVDRA. In multi- 
cellular animals the cells of the body arc never all alike, but are 
specialized to perform different functions, e.g. muscle cells to contract 
and cause movement, gland cells to secrete useful substances such 
as digestive juices, skin cells to protect the whole body, bone cells 
to lay down supporting material, special reproductive cells to carry 
on the race, and so on. 

In Hydra we sec this process beginning. Its various cells are shown 
in Fig. 33. The whole ectodgrm is protective and is endowed with 
great power of contraction, but its cells cannot, for example, ingest 
lolid food. They are specialized for certain functions only. 

Among the cells forming this layer arc: 1 •! » 

(a) Cells whose inner ends arc drawn out into long ‘muscle tails . 
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These tails run parallel to the long axis of the body, so that when 
they contract the whole animal shortens. 

(&) The cnidoblasta, which help the creature to capture its food. 
From each of these there projects at the surface of the animal a short 


Interstitial 

cells 

Nematocyst 


Nerve cell -* 



- _ Nerve cell 


Ectoderm I Endoderm 
Mesoyloea 




Cnidoblest Nerratocysti 

Fio. 33. Section of body-wall showing cells and tissues 

stiff hair, the ‘trigger* or cnidocU. This is a simple sense organ (cp. 
p. 229); when it is touched the whole cell contracts and its contained 
poisoned dart' or 'lasso* (nematocyst) is ejected. 

SI connected with the cnidoblasts. 

(</) Small mtersutial cells, which can give rise to new cnidoblasts, 

new ectoderm cells, &c. It is from these that the reproductive celb 
also arise (cp. p. 428). 

th^on^rf;^ arc also of more 

than one kmd. They all have contractile processes which run round 
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the body; some are also secretory, producing digestive Juices, others 
are phagocytes , that is, they can put out pseudopodia and ingest 
solid food. Many have flagella, which project into the gut cavity 
and help to keep the food in motion. 

Between ectoderm and endoderm there is a layer of jelly, the 
mesoglea. In this, in addition to the muscle tails of the cdls of 
ectoderm and endoderm, we find certain nerve cells, whose work it 
is to control the activities of the other parts of the body (cp. p. 209). 
Connected with these nerve cells there arc certain sensory cells in 
both ectoderm and endoderm which seem to be specialized to receive 
stimuli. Finally this animal makes special male and female repro- 
ductive cells for the continuance of the species (cp. p. 429). 

This process of differentiation and of specialization of parts 
of the body to carry on certain definite functions is carried to 
a much greater degree in the higher animals, as we shall sec 
in our subsequent work. 

THE HIGHER COELOMATE ANIMALS 

DIGESTIVE ORGANS. The digestion of food within a gut cavity, 
which we discovered in Hydra, foreshadows the method of 
digestion found in the higher animals. In such animals the 
gut is usually a tube passing through the body from mouth 
to anus. As food passes along this tube, driven by successive 
contractions of its walls (peristaltic action), enzymes arc 
poured on to it. When digested the food is absorbed and 
carried away to the various body cells, while any indigestible 
residue is expelled at the anus. The carrying of the absorbed 
food from one part of the body to another is one of the 
functions of the blood (cp. p. 306). 

Digestive organs formed on this plan are found in all the 
higher invertebrates, such as worms, insects (e.g. cockroaches, 
butterflies, &c.), crayfish, lobsters, &c., as well as in ail verte- 
brates. In the earthworm the alimentary canal is compara- 
tively simple; let us now study its structure in more detail. 

THE EARTHWORil. 

External features and mode of life. Various species of earth- 
worm arc found widely distributed over the face of the earth, 
wherever the soil is not too dry. They live underground, 
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burrowing into the earth, often swallowing it as they go and 
passing it through their long, straight alimentary canal. They 
digest and absorb any organic matter it contains, using this 
as food, and deposit the residue as worm-casts. Worms have 
been working the soil in this way for millions of years, turning 
it over and breaking it up, bringing the deeper layers up to 
the surface, their burrows meanwhile allowing air and water 
to percolate downwards. 

‘The plough’, said Charles Darwin in his book Vegetable Mould and 
Earthworms, which every biologist should read, ‘is one of the most 
ancient and most valuable of man’s inventions, but, long before he 
exbtcd, the land was. in fact, regularly ploughed, and still continues 
to be ploughed by earthworms. It may be doubled whether there 
are many other animals which have played so important a part in 
the history of the world as have these lowly organized creatures.* 

Experiment 63. To study the habits of earthworms we set up 
a ‘worincry’ in the following manner: 

Obtain a large bell jar or a rectangular glass dish about ra inches 
deep. Invert the bell jar, place a few pebbles at the bottom, and then 
fill it with layers of difierenily coloured, moistened earth. Garden 
soil, sand, and leaf-mould afford a good contrast. With a fine brush 
and while paint make lines on the glass to mark the divisions between 
the difiereni layers of soil. Place several healthy worms in the 'home* 
thus prepared. Scatter a few leaf fragments, or minute cubes of such 
vegetables as onion, carrot, &c., on the surface of the soil. Cover the 
top with butter-muslin, and throw a black cloth over the whole. 

Soon burrows will be made; some of these are sure to be against 
the glass, and their size and shape can be examined. Notice also how 
the worms treat the various fragments of food you leave on the surface. 
Experinieni with differem kinds. Keep the soil always slightly moist. 
Notice how the lower layers of soil are brought up to the surface, 
until, in time, the various layers arc quite indistinguishable. 

In nature these burrows end about 18 inches below the 
surface, iliough in cold weather they may penetrate to a depth 
of 6 or 7 feel. When conditions arc unfavourable the worm 
often plugs the upper end of the burrow with leaves and other 
plant debris, or even with small stones. This gives protection 
from extremes of heat and cold, as well as from parasites and 
other enemies which may enter the burrow from above. 
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Exercise. Collect some worm castings, and notice how fine and 
powdery is the soil. Some of this soil is occasionally spread out by 
the worm to form a thin, smooth lining to the burrow. The animal 
smears it over the surface with its ‘tail’. 

External appearance. 

Exercise. Examine an earthworm, and notice that its long, soft, 
slimy body is divided into rings, or segmented, there being about 
150 of these segments. They closely resemble each other, thb simi- 
larity indicating that the animal is a somewhat primitive one. The 
repetition of fundamentally similar parts, or metameric segmentation, is 
a marked feature in the structure of many animals, e.g. arthropods 
(cp. p. 155) and vertebrates (cp. p. 404), but in these higher forms 
the segments do not, as a rule, resemble each other so closely, but 
are more specialized and differentiated. 

Observe that the worm has a definite head end, marked by a little 
solid prostomium, which projects in front of the first segment and 
overhangs the mouth, a small opening on the under (ventral) surface. 
From every segment of the body, except the first and last, there 
project four pairs of minute bristles or setae. These can be felt with 
the finger and observed with a lens. They are used in locomotion. 
Remove one of these structures from a dead worm and examine it 
under the microscope. 

There is another opening, the anus, at the hinder end of the body. 
Mouth and anus mark the beginning and end of the alimentary 
canal. In the grooves between the segments are dorsal pores, tiny 
apertures which lead to the exterior. Various other apertures occur, 
chiefly reproductive; often there is a clitellum. These structures are 
all described on p. 497. One of the chief blood-vessels, the dorsal 
vessel, is visible through the body-wall. If we cut through this body- 
wall, which consists chiefly of muscle cells within a thin epidermis, 
the alimentary canal is at once seen. 

Alimentary canal. 

Exercise. Examine a dissection of an earthworm, opened to dis- 
play the alimentary canal. This is a long, straight tube, runni^ 
thi ough the body cavity or coelom from mouth to anus, and supports 
by delicate transverse partitions (septa), which stretch across t e 
coelom from the canal to the body-wall, in positions corresponding to 
the external furrows. Notice the blood-vessels on the wall of the canal. 

Wc find that the body of the earthworm, like that of all the 
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higher animals, really consists of one tube, the gut, \vithin 
a second tube, the body-wall. By this arrangement move- 
ments of the gut become independent of those of the body-wall, 
while undesirable substances (c.g. harmful bacteria) can be 
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Fio. 34. A, B. External views of anterior portion of earthworm. C. The 
animal opened to show the anterior portion of the alimentary ran,l 
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^rdse. Draw the dissection to show these parts of the alimentary 
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Food-getting and the processes of digestion. Worms live on leaves, 
such as those of cabbage and celery, and on the decaying 
organic matter (humus) in the soil. Food is grasped by a 
sucking action of the mouth and muscular pharynx. If the 
morsel is large it is first drawn into the burrow and covered 
with slime secreted by the gland cells of the skin; in this way 
it is moistened and possibly partially digested before it is taken 
into the body at all. From buccal cavity and pharynx the 
food passes into the narrow oesophagus. As it moves along 
this tube the acids contained in it are neutralized by a secretion 
containing calcium carbonate, poured into the oesophagus 
from certain glands and thickenings in the oesophageal wall 
(segments ii, 12, 13). (Cp. Fig. 34 G). 

The food is temporarily stored in the thin-walled crop, and 
ground up finely in the strong, muscular gizzard. Thence it 
passes into the long intestine, where most of the digestion and 
absorption occurs. Enzymes arc poured on to it from gland 
cells in the intestinal wall, and proteins are converted to amino- 
acids, starches to sugar, &c.; these soluble substances pass 
through the lining of the intestine into the thin-walled blood- 
vessels (capillaries with walls only one cell thick) which ramify 
in its wall. This wall is folded all along the dorsal surface; this 
fold, the typhlosole, considerably increases the area through 

which food may be absorbed. 

The digested food is carried by the blood to all the cells of 
the body, providing them with materials for respiration, 
growth, and the repair of waste. The worthless residue passes 
on through the alimentary canal and is thrown out of the body 
at the anus, forming the ‘worm-casts’ already referred to. 

Movements. With few exceptions, all animals must seek 
their food, depending on their own powers of locomotion to 
find it. A worm, for example, usually stays in its burrow by 
day, but leaves it at night for this purpose. Even then the 
‘tail’ remains just inside the burrow, so that the worm can 
retreat at the slightest alarm. With its retreat thus secured, it 
moves its free ‘mouth’ end about in search of fallen leaves and 

similar nutriment. . j ^ii 

These movements arc due to contractions of the body-waU 
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Here there are definite muscle cells, arranged in two layers: 
an outer layer, in which the cells run round the body, and an 
inner one, in which they go down its length. Contractions of 
the former group make the body thinner and longer, while 
the latter group by contraction make it shorter and fatter. 

A worm moves along by alternately shortening and lengthen- 
ing its body. In order to move fonvard, for example, it grips 
the earth with the setae of its ‘tail* end, elongating the rest of 
its body by contracting the circular muscles. Now it grips with 
the setae of the anterior end and, by contraction of its longi- 
tudinal muscles, draws up its ‘tail*. It can move backwards 
as well as forwards, all such movements being caused by a 
similar use of setae and muscle cells. 

ARTHROPODS. An earthworm is a segmented animal which 
shows a considerable amount of specialization between its cells 
and organs. The arthropods, or jointed-lcgged animals, form 
another group of segmented invertebrates which resemble 
earthworms in certain features of their structure. They arc, 
however, on the whole, more highly organized than the worms. 
We turn now to examine a member of this great phylum, to 
which the crabs, crayfish, spiders, &c., as well as all the 
insects, belong. 


INSECT STRUCTURE 


THE COCKROACH. This animal, though it filb many of us 
with disgust, is nevertheless an interesting creature to study. 
Indeed, we are told that it makes : 


rather an interesting pet, as the creatures occasionally assume most 
TOmical attitudes, especially when cleaning their limbs. This they 

do somewhat after the fashion of cats.* (CambrUgt Mtural History.) 
We arc reminded of Aristotle’s dictum: 


‘we must not recoU with childish aversion from the examination of 
the lower animals. Every realm of nature is marvellous.* 


Live cockroaches arc easily kept in 
they can be fed on bread and water. 


a covered jam-jar; 
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External features and mode of life. Two species of cockroach 
are very common in England, neither of them really British. 
One is the so-called black beetle (Blatta orientalis), which is 



Fio. 35. Side View op Male Cockroach, i. Antenna, a. Head show- 
ing the large eyes. 3. First segment of thorax. 4. Wing. 10-14. The five 

main rcgions of the insect limb. 15. Claws 
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Fio. 36. A cockroach opened to show the alimentary canal 

and the nervous system 

neither black nor a beeUe; the other is the 
American cockroach (B. americana). Both thwe j. 

almost ‘domesticated-. The former irfest buddm^. 
underground kitchens, bakehouses, &c., while *e latter are 
abundant in ships, dockyards, and similar haunts. 
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Ebiercise* Examine the external features of one of these animals 
and make sketches illustrating its structure. The body is obviously 
segmented and is covered by a hard, jointed external skeleton of 
chilin. It is divided into three parts, head, thorax, and abdomen. 
The thorax bears three pairs of jointed legs. All these features arc 
very characteristic and are found in most insects (cp. Fig. 86). 

Look at the htad. It is bent forwards and hence almost concealed 
when we observe the insect from abo%’e. On it we notice the two 


large compound eyes, a pair of long flexible antennae, which are 
sensitive to touch and to smell (i.c. chemical stimuli), and the mouth, 
which you will find on the underneath or ventral surface. Round 
it arc certain appendages (three pairs), which arc modified to act as 
‘jaws’. 

Now observe the thorax. This consists, as in all insects, of three 
segments. Each bears, vcntrally, t\vo strong jointed legs, consisting 
of five main joints. Sketch one of these legs. On the fourth and fifth 
joints there are the stiff bristles which the insect u.ses when cleaning 
itself, while the foot, or tarsus, is made up of five small segments and 
en<^ in two claws. Notice the special pad between the claws which 
assists the insect to climb vertical surfaces. 


Most adult insects have wings, usually two pairs attached dorsally 
to the second and third thoracic segments (cp. Fig. 86). These two 
pairs are present in the American cockroach, but in the oriental 
species (black beetle) the female animals (which are black in colour) 

are wingless, while in the male (which is quite brown) the wines are 
very small (cp. Fig. 35 (4)). ^ 

Even the American cockroach is not a good flyer. Its anterior wines 
are homy and protective, only the posterior pair (find these) beine 
membranous. When flying the horny wings are not moved, but are 
merely spread out and used as stabilizing planes 

Th. abdcm«, u flattened like the thorax, and ^onibt, often rather 
^.lar segmenu, moat of which have no appendage,. (Confirm thia.) 

anua opern on the tenth aegment, and in both acxea we find 
here a pair of apindle-ahapcd outgrowth,, while in the male we can 

0^°^“ ■■ the ao-called anol atylea. 


thf Th thi, i, a tube resembling 

'oeW 7 through the body cavity of 

IT “ *°niewhat longcrXn thI 

body and hence thrown into one or two coils Th,r • “ 

rpS"-. 
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we recognize oesophagus, crop, and gizzard, as in the earth- 
worm; but the hinder portion of the tube is more specialized, 
consisting of a definite mid-gut and a hind-gut, the latter being 
made up of the colon and rectum. (See Fig. 36, p. 156). 

Further, there is, at the commencement of the mid-gut, a 
series of seven or eight ‘blind* (i.e. with no opening at the 
farther end) tubular outgrowths, the hepatic caeca, which arc 
perhaps best regarded as extensions of the mid-gut to increase 
the area of its digestive and absorptive surface (cp. typhlosolc 
of earthworm). 

At the junction of the mid- and hind-gut area number of much 
finer outgrowths, the Malpighian tubules. These have nothing 
to do with digestion, but are excretory in function (Ch. XXVI). 

Exercise. Examine a dissection of a cockroach in which the 
alimentary canal is displayed, and sketch it. 

Food-geiling and movement. Cockroaches are omnivorous 
feeders, eating both animal (c.g. meat, fish, leather, cheese, 
woollen cloth, and even the bodies of comrades) and vegetable 
food (e.g. paper, sugar, beer, &c.). They arc nocturnal 
animals, lurking in dark crevices by day but coming out at 
night to feed. They are remarkably quick movers, running or 
scurrying away on their six legs when disturbed, their method 
of locomotion being very peculiar and characteristic. It must 
be observed in the living animal. 

The processes of digestion. By means of the jaw-Iikc appendages 
which surround the mouth, the food is grasped and torn apart. 
During this process it is moistened by a fluid secreted by the 
salivary glands. This Huid contains a carbohydrase, so that 
starch digestion begins outside the body. The food is now 
swallowed, passes down the gullet and into the extensible crop. 
Here the starch digestion already begun continues; fat is also 
digested by ferments secreted by cells in the walls of the crop, 
while a fluid containing proteases passes fonvard into the crop 
from lower down the canal and serves to begin the digestion 

of proteins. , , . 

The food is now moved on into the gizzard, whose function 

seems to be purely mechanical. It grinds and stirs up the 00 
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and mixes it well with the enzymes of the various digestive 
juices. On its walls are six hard ‘teeth’ which assist in the 
process of grinding, while various bristles strain out any large 
fragments of food. 

Owing to the clTcct of this strainer only fine particles are 
admitted to the mid-gut. Here a powerful digestive Juice is 
poured on to the food; indeed, this animal can digest not only 
the usual food suljstances, carbohydrates, fats, and proteins, 
but even such ‘indigestible’ things as horn, hair, and wood. 
The processes of digestion and absorption arc completed in the 
hepatic caeca, which are merely extensions of tlic alimentary 
canal. The indigestible residue passes on through colon and 
rectum, where water is probably absorbed and the faeces 
prepared for expulsion. 

COMPARISON OP THE DIGESTIVE SYSTEMS OP HYDRA, EARTH- 
WORM, AND COCKROACH. Thc alimentary canals of the carth- 
Aworm and cockroach are both more highly developed than 
that of Hydra. We notice in particular: 

I. The division of labour exhibited by the food canal, each 
part being specialized for some definite function in thc whole 
work of digestion and absorption. 

a. There is a posterior opening, thc anus, which enables 

indig«tible matter to be expelled after it has passed through 
the whole length of thc tube. ® 

^ coelom separating gut from body-wall. 

with Jh “ u- system in close connexion 

^ith thc gut ; this IS specially well developed in the earthworm 

Ai 7^ 'distribute the absorbed food to all parts of the body! 

th. ” possessed in a still higher degree by 

Ae vertebrate animals, to thc study of whose^ digestif oiZ 
cesses we may now turn. ^igcsiive pro- 
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3. How far can it be said that there is differentiation of parts or 
organs in Amoeba and Hydra? Compare these t>-pcs in this respect 
(C.L.) 

4. Describe how Hydra can move from place to place, and how 
this animal captures and digests its food. (J.M.B.) 

5. Give labelled sketches showing the structure of the alimentary 
canal of the earthworm, and give some accoimt of the functions of 
its various parts. (C.W.B.) 

6. Compare and contrast the ‘gut* (food cavity) of Hydra and 
earthworm, and show why we call the latter ‘more advanced* than 
tile former. 

7. In what way is Hydra more specialized than Amoeba? (Ox.L.) 

8. Hydra is said to be a higher type of animal than Amoeba or 
Paramoecium. Explain what is meant by this statement and on what 
groimds it is based. (Ox. & C.) 

9. Describe by what means you would attempt to discover what 
Amoeba, Hydra, cockroach, and the earthworm use for food. 

10. What are the feeding habits of an earthworm, and what arc 
the general effects of these habits on agriculture? (D.) 

1 1. Make sketches of the alimentary canal and nervous system of 
the earthworm. Write notes upon the mode of life and economic 
importance of the anima l. (C.W.B.) 

12. Give an account of the external features and mode of life of 
an earthworm, and describe the part played by earthworms in the 
formation of the soil. (L.G.S.) 

13. Give diagrams to show the external features of the earthworm, 
and name all the parts. Describe the mode of life of earthworms, 
the conditions under which they are likely to flourish, and the 
influence they exert over the v^etation in their imm ediate surround- 
ings. (L.G.S.) 

14. Give an account of the capture and digestion of food by cither 
an insect (cockroach or grasshopper) or a crustacean (lobster or cray- 
fish). (J.M.B.) 

15. Describe as fuUy as you can how Amoeba and the earthworm 
move from place to place. How do these a nim als tide over the w'lntcr . 

(J.M.B.) ^ ,, 

16. How do earthworms move about in thesoU and above ^ounar 

How do they breathe? What do they cat and how do they taJee 

food into their bodies? (J.M.B.). ^ . j »-;u 

17. Describe the external parts of the cockroach, omittmg details 

of the mouth parts. How does this animal breathe? (Ox.L.) 



CHAPTER XIV 

DIGESTIVE ORGANS AND DIGESTIVE 
PROCESSES IN VERTEBRATE ANIMALS 

Organs of digestion in vertebrate animals. In alJ verte- 
brates the organs of digestion are formed on the same plan. 
The alimentaTy canal sho\vs considerable division of labour 
between its parts, and is usually longer than the body, being 
thrown into loops and coils within the body cavity {coelom). It 
extends from the mouth, where the food enters, to the anus, 
where the indigestible residue is expelled, and consists of 
mouth, gullet or oesophagus, stomach, small intestine (the 
part adjoining the stomach being called the duodenum), and 
large intestine, the latter ending at the anus. 

There are various glands in the walls of this canal, which 
discharge their secretions into it. Besides these scattered or 
diffuse glands, definite glandular organs pour in secretions by 
special ducts. These are the salivary glands, whose ducts open 
into the mouth, and the liver and pancreas, whose ducts open 
into the duodenum. (In the lower vertebrates there are no 
salivary glands.) 

Although there are these broad similarities in the structure 
of the digestive apparatus, the details of structure vary between 
the different groups of vertebrates, and also with the kind of 
food consumed. Man is an omnivorous feeder, and can digest 
both animal and vegetable food (cp. p. 47). Let us begin 
our study of digestion in vertebrates with a description of the 
work done in our own alimentary canal, which in adults is 
from 2’j to 30 feet long (cp. Figs. 4 and 42). 

THE HUMAN ALIMENTARY CANAL 

the mouth. In the epithelium of the tongue there arc taste 
P* which guide us in the selection of suitable 
lood. This is moistened by the saliva, which acts as a lubricant 
and weU subdivided by the teeth, so that a large surface i^ 
ex^sed to the action of the ptyalin (cp. exp. 55). So the 

p 
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digestion of starch begins. The chewed food is rolled into a 
ball or bolus by the tongue, and ‘swallowed’, that is, passed into 
the upper portion of the oesophagus. Once there we cannot 
exert any conscious influence on its further progress. 

Starch digestion, begun in the mouth, goes on for some time 



'namel 


Dentint 


Rsnos or closed 
roots in which 
the root canal 
is very narrow 
(jkN.B) 

Fro. 37. Section of a Molar Tooth (Human) 

N.B. In a few mammals, some or even all (e.g. rabbit) of the roots remain 
permanently open, and the teeth can grow throughout life 

( 

after the food has reached the stomach; gradually, however, 
the gastric juice penetrates the bolus and, by its acidity (cp. 
p. 137, VI), inhibits the action of the ptyalin. 


Teeth arc bony structures, each consisting of a crown and 
one or more roots or fangs (cp. Fig. 37). The crown is fomed 
of a hard substance called dentine, its exposed surface being 
still further hardened by a covering of enamel. In the centre 
is a pulp cavity containing blood-vessels and nerves. In 
mammals these teeth arc always embedded in sockets in the 
jaw-bone, and the animal usually has two sets, a milk set m 
early life, which is gradually replaced by the permanent teeth. 
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We have 20 teeth in our first set, which vary in bhape with the 
functions they perform. Thus we have: 

8 incisors or cutting teeth, with sharp edges. 

4 canines or flesh-tearing teeth, with more pointed edges. 

8 premolnrs or double teeth, with flattened surfaces for grinding up 
the food. 

The second teeth b^in to replace this milk dentition in about tho 
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Fio. 38. The names and times of appearance, indicated by 
numbers, of both sets of teeth in man. (After Moon) 
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sixth year. The adult has 32 teeth, 8 incisora, 4 canines and 8 ore 
molars, which replace iiulk teeth, and 12 mo/m, which appear in'thc 
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Total 32. 
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Exercise. Look at the skulls of the dog, cat, tiger. &c., and con- 
trast the teeth with those of the horse, sheep, and rabbit. The former 
are flesh-eaters, the latter herbivores. Sketch the upper and lower 
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Fio. 39. A. Teeth of rabbit; B, of sheep— both herbivorous an im als. 

C. Teeth of dog — a carnivorous animal 


jaws of the dog and rabbit to illustrate the form and arrangement 
of the teeth and write the dental formulae. 

Exercise. Examine and sketch the jaws of the frog skull in the 
same way, paying special attention to the teeth. 

SWALLOWING THE FOOD. The mouth narrows into the ‘throat’ 
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[pharynx). In man there are six openings into this part of the 
canal (cp. Fig. 43), two from the nose, two from the ears, and 
the openings of oesophagus (gullet) and rachea (wind-pipe) 
respectively. As it is swallowed, the food must be passed over 
the opening of the latter, and directed into the oesophagus 
(cp. Fig. 4), Breathing ceases momentarily, and the opening 
into the larynx (top of wind-pipe) is protected: 

(1) By the bringing down over it of the epiglottis, a flap of 
cartilage. 

(2) By the drawing together of the vocal cords. 

In this way the food enters the oesophagus, and there is no 
danger of its passing into the trachea. We see that many 
different movements must be co-ordinated for this purpose. 
The metliod of co-ordination will be discussed in a subsequent 
chapter. (Cp. Chapter XVIII.) 

THE OESOPHAGUS. Thc musclcs at the top of the oesophagus 
now close round the food bolus; each portion of the tube 
relaxes to receive it, and then contracts to drive it on. By these 
successive relaxations followed by contractions (peristaltic 
action) the bolus is propelled through thc oesophagus, which 
IS about 10 inches long (cp. Fig. 4). It takes 5 or 6 seconds 
to reach the lower end of this tube, and from there it trickles 
more slowly into thc stomach. 


ITIE STOMACH. This IS a large bag, capable when distended 
of holding about 4 pints of fluid. It lies just beneath thc 
diaphra^ on the left side of thc abdominal cavity, and partly 

53 ii« immediately beneath 
the diaphragm, chiefly on thc right. 

D^^stion in the The food remains in the stomach for 

2 or 3 hours, and here active digestion begins. It is keot in 
motion by peristaltic movement of the stomach wails, waves 
of contraction following each other at intervals of about 20 
seronds. At the same time it becomes mixed with gastric juice 

Ld ^ “P proteins into peptones 

Sm an^who compounds more soluble than pro- 

teins and whose molecules are considerably smaller; cp. p. 140). 
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This gastric juice is produced by simple tubular glands in the 
stomach wall. Their openings are visible with a lens as tiny 
pores in the lining layer of mucous membrane. 

Two or three hours after it enters, the food in the stomach 

has been reduced to a pulpy, almost 
fluid condition (chyme). There is a 
round ‘sphincter* muscle at the junction 
of stomach and small intestine. When 
the food is ready this relaxes and permits 
a small amount of chyme to escape. In 
this manner the stomach is gradually 
emptied. 

Exercise. Examine the inner surface of 
a pig*s stomach with a lens, and notice the 
numerous little pits. These arc the openings 
of gastric glands. 

THE SMALL INTESTINE. The human 
small intestine is a narrow tube about i8 
feet long. (N.B, In Fig. 42 this is much 
Fio. 40. A gland from shortened for clearness.) Here digestion 
the wall of the frog’s is completed and the food is actively 
stomach absorbed. Digestion is brought about by 

three juices: (i) the pancreatic juice, (ii) 
the bile, (iii) the intestinal juice or succus entericus. 

The pancreas is a small crcamish-colourcd organ which lies 
between the stomach and the first loop (duodenum) of the 
intestine (cp. Fig. 42), Its secretion, the strongly alkaline pan- 
creatic juice, contains several enzymes, so that every class of 
food — protein, carbohydrate, and fat — is affected. 

The livery among its many other functions (cp. p. * 70 * 
secretes bile, a golden-yellow alkaline fluid. In man the bile- 
duct from the liver joins the pancreatic duct, and the two open 
together into the upper part of the duodenum, about 3 inches 

behind the pylorus (cp. Fig. 42). 

The third juice of the intestine, the intestinal juice or succus 

entericus, is secreted by the walls of the tube itself. esc 

walls are thrown into folds, like the folds on corrugated 
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cardboard (cp. Fig. 41 A), and the whole of the mucous mem- 
brane which lines the tube is raised into numberless minute 
processes, the villi (cp. Fig, 41 B). These are just visible to 
the naked eye, and impart a velvety appearance to the whole 
internal surface. 

In this mucous membrane are numerous simple glands, 


'/m 
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=ay!dl 


L^cte^l 



MuscuUr wall 
of intestine 

Fio. 41. A. Portion of human small intestine cut open to show the trans- 
vcnc com-g^uo-,. B. A very highly ..ag^iaU, ,o .how 

capillaries and lacteals 

a lens as tiny 

.nt?nL j^^e' ' 

complete the process of digestion, of which 

ne fct table summanzes the changes which the food under- 
goes as It pass« through the alimentary canal, while the second 
shows the acuon of the various digestive juices 

how, siepby Step our 

food IS digested and prepared for absorption. ^ 
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TABLE. CHANGES WHICH FOOD UNDERGOES WHILE 
PASSING THROUGH THE ALIMENTARY CANAL 


Organ 

Chit/ structures 
aiding digestitm 

Summary of tiu 
work done 

Mouth 

/Teeth 

Taste buds 

Salivary glands secreting 
saliva 

VTongfue 

Food is ground up and sub- 
divided 

These guide in the choice 
of food 

Mobtens food and begins 
digestion of starch 

Rolls food into ball prepa- 
ratory to swallowing 

Oesophagus 

Muscular walls and mu> 
cous glands 

Contract and drive food 
intostomacb, lubricate the 
food 

Stomach 

/ Muscular walls 1 

1 Gastric glands 

Keep food moving and 
chum it up 

Pour on to food gastric 
juice, which mobtens it 
further and promotes di- 
gestion 

Pancreas 

Liver 

Small intestine 

Secretory cells of pan- \ 
creas 1 

Secretory cells of liver > 
Secretory cells of glands 1 
in intestinal wall / 

All pour their respective 
digestive juices on to the 
food as it passes through 
the small intestine (sec 
table following); food b 
made still more liquid and 
digestion b completed 

Lower portion of 
small intestine 

Villi on walls 
(cp. Fig. 41 ) 

Digestion completed, and 
digested food is absorbed 

Colon 

Walls of colon 

Water absorbed and waste 
products dbeharged into 
cavity of canal 

Rectum 

Muscular walls 

Waste matter (faeces) ex- 
pelled 
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TABLE. THE ACTION OF VARIOUS DIGESTIVE JUICES 


Juice 

Where formed 

CcmpofiiiM 

Action 

StliVA 

Salivary glands 
opening into 
xnoutb 

Mucin 

PTYAttK» a carbohydrase 

Moistens and lubricates 
food 

Starch— »Tnalto 9 C (a di- 
saccharide) 

Gutric juice 

Glands in ato- 
macb wall 

0*02 per cent* hydro- 
chloric add 

Pepsin 1 

Rennin ) 

Paves way for action of 
pepsin • which requires 
an acid medium 
Proteint-p^peptonea 

Clou proteins of milk 

Ptacreaticjuice 

1 

1 

Certain cells of 
the pancreas 

1 

1 

Sodium earboiute 
(trace) 

Amylopsw 1 carbo- 
Maltasb / bydiases 
TRypsixocen, con- 
verted to Trypsin, a 
protease, by Entero- 
kinase (see below) 
LtPASB 

Paves way for action of 

various ferments which 
require an alkaline 
medium 

Starch^maltose 

M al tose -^glucose 
Proteins ^axnioo-acids 

Pats-frglyccrol and fatty 
acids 

Bae 

Liver cells 

Various bile salts, tcc. 

Aids digeslioo of fats 

loleetinAl juice 
(iuccue CO- 
(ericuc) 

Glands in wall of 
small intestioe 

Maltass \ 

iNVERTASB }carbo- 

1 bydrasea 

Lactase / 

Maltose (disaccharide) 
—•glucose (monosac- 
charide) 

Sucrose (dissccharide) 
(cmne sugar)-»various 
monosaccharides 
Lactose (disacebaride) 
(milk iugar)^various 
monosaccharides 





Proteoses and peptones 
^amino-acids 




Bi 

Tr>*psioogen-strypslD 
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Proteins are converted to amino-acids by the enzymes pepsin, 
trypsin, and erepsin. Carbohydrates to one or other of the simpU 
monosrucharide sugars by the enzymes ptyalin, amylopsin, mal- 
tase, invertase, and lactase, each of these causing one specific 
change. Oils are reduced to glycerol fatty acids by lipase, 
aided by the bile. 

ABSORPTION OP THE DIGESTED FOOD. TllC food, having thuS 
been broken up into soluble and diffusible substances, is ready 
to be absorbed. This occurs mainly in the small intestine, par- 
ticularly in the ileum, which, because of its length, its corruga- 
tions, and its villi, exposes a very large surface to the food. 

Each villus contains a network of capillary blood-vessels, and 
one or more fine tubes known as lacteals (cp. Fig. 41). Amino- 
acids and sugars pass into the blood capillaries, fats very 
largely into the lacteals. 

While these products of digestion arc being absorbed by the 
columnar cells w'hich line the wall of the small intestine, they 
undergo certain changes. Some of the amino-acids pass into 
the blood unaltered, and arc dealt with in the liver; others 
are probably converted into actual blood proteins, albumin 
and globulin, by the absorbing cells. Similarly, these cells 
cause the glycerol and fatty acids to recombine, so that fat is 
once more formed. 

Hence we sec that this process of absorption is not one of 
simple diffusion or osmosis, but that it depends, too, on the 
activity of the living cells of the intestinal wall; further, there 
is a certain amount of assimilation of the products of digestion 
directly they pass out of the gut and into the cells of the body. 

Most of the absorbed food, however, is carried by the portal* 
vein (cp. Fig. go) to the liver, and we shall see later what 
happens to it there. 

THE LARGE INTESTINE. From the small intestine the residue 
of the food moves on into the large intestine, which consists 
in man of the colon and rectum. As it passes along the colon 

* The capillaries of stomach and intestine unite into amaU veins which 
eventually join to form the portal vein# 
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water is absorbed, so that it becomes more and more solid. 
At the same time waste products are added to it by the colon 
walls, and this mixture of excretory products and indigestible 
matter (the faeces) passes into the rectum. It is now ready 
for expulsion. The long processes of digestion and absorp- 
tion, which have taken perhaps 48 hours to complete, are 
ended. 

THE FUNCTIONS OF THE LIVER. The Uvcr IS a large glandular 
organ which is the general chemical laboratory of the body. 
It has many functions: 

(a) In the Uvcr cells the sugar absorbed from the gut is 
converted to glycogen (animal starch) for temporary storage. 
After a heavy meal, the cells are full of glycogen granules; but 
they arc empty after some hours of active exercise. It is from 
this store that the tissues are supplied with sugar in quantities 
to meet their varying needs, the conversion of glycogen to 
glucose keeping pace with the demands of the body cells for 
sugar; this demand always increases as the activity of the 
body increases. 

{b) The liver also deals with the amino-acids absorbed from 
the gut, passing these on to the tissues if they are required; 
otherwise preparing them for excretion, as explained below. 

(c) The liver also plays a part in fat metabolism. If its glycogen 

store is used up, as after heavy exercise or during starvation. 

It can then draw on the fat deposits of the body, converting 

this stored fat to carbohydrate. Conversely, if the diet supplies 

carbohydrate in excess of the body’s immediate needs, the 

liver may convert this excess to fat, which is sent to the Tat 

depots’ for more permanent storage (cp. Fig. 104). You have 

only to look at the ‘Christmas beef’ as it hangs in the butcher’s 

shop to realize how much fat may be stored in this way. There 

are masses of it under the skin, round the abdominal organs 
and even round the heart. * 

{d) In addition to all these feeding and food-storing activities, 

frn Tr ® nitrogen, whether this comes 

trom the food or arises from the activities of the tissues. Such 

waste IS converted by the liver cells to urea (CO(NHj)2), a very 
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soluble substance which is afterwards excreted by the kidneys 
(cp. Chapter XXVI). ^ 

{e) The liver also deals with any poisonous substances which 
may pass into the blood from the intestine, e.g. with ammonia, 
large amounts of which are set free in the processes of digestion 
and absorption of protein food. It brings about chemical 
changes which render such subsUnces harmless. 

The liver is therefore the true guardian of the organism, which 
changes the poisonous substances coming from the alimentary canal 
into harmless ones.* (Pavlov.) 

(/) Finally, the liver forms bilCf which is partly a digestive 
juice (cp. p. 169), partly an excretory product. The bile is 
stored in the gall-bladder. 

As the result of these manifold activities, the liver plays 
a very important part in regulating the composition of the 
blood. It stores food temporarily, and passes it into the blood 
as required. 

THE RABBIT, AN HERBIVOROUS MAMMAL 

ALIMENTARY TRACT. The rabbit is an herbivorous mammal, 
man is omnivorous. In the rabbit, as in man, the alimentary 
canal consists of mouth, oesophagus, stomach, small intestine, 
and large intestine, opening to the exterior at the anus (cp. 
Fig. 3). The rabbit possesses in addition a large blind diverti- 
culum (cp. Fig. 42), the caecum, at the junction of small and 
large intestine. We shall consider its function later. 

The mouth of the rabbit differs in several respects from that 
of man, being adapted to deal with tougher food. It is bounded 
by furry lips, and at each side there is a gap, devoid of teeth, 
called the diastema. Grass, &c., bitten off by the sharp front 
teeth can be rolled and sucked into the mouth through these 
openings. 

The teeth are of two kinds only (cp. Fig. 39), incisors and 
grinding teeth (premolars and molars). Between the two 
types lies the diastema. The dental formula is: 

I. f. C. g. Pm. I M. I Total 28. 

The four incisors of the upper jaw are arranged in two pairs. 
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t^vo large ones in front, and two small ones directly behind 
these. They meet the two incisors of the lower jaw, and 
together form an excellent cutting surface for tough food. 
These incisors grow throughout life, new material being formed 
in the gum as the teeth are worn away below. The enamel is 
practically confined to the front of these teeth (cp. Fig. 37); 
being much harder than the dentine it wears away more 
slowly, and in this manner a sharp chisel-like edge is main- 
tdned on each incisor, making these teeth very suitable for 
bidng off grass, &c. The premolars and molars have flat, 
grinding surfaces, marked by ridges and grooves, which enable 
the animal to grind up its vegetable food. There arc no 
canines, canine teeth being specially adapted for tearing flesh. 

The roof of the rabbit^s mouth is ridged and the surface of 
its tongue hard; these structures help in the breaking up of 
tough food. The rabbit can also move his jaw backwards and 
fonvards in a way impossible for a human being. Tliis again 
facilitates the grinding up of hard food. 

The functions of the mouth are similar in the two animals, 
and the rabbit has four pairs of salivary glands. 

From the mouth food goes along the oesophagus, a narrow 
muscular tube which passes through the thorax beneath the 
^ckbonc, pierces the diaphragm, and opens into the stomach. 
Ihis IS a wide sac-like structure lying immediately beneath 
the diaphragm, chiefly on the lefl side. From it partly digested 
food passes on into the small intestine, a narrow tube about 
8 feet long and less than i inch in diameter. The first part of 
this tube, known as the duodenum, forms a long U-shaped 
loop, between the two arms of which the pancreas lies. 

Tim organ is not solid in the rabbit, but consists of scattered 
masses of glandular tissue. The pancreatic duct runs back- 
war^, receiving small ducts from the various scattered portions 
ol the gland, to open into the further (distal) arm of Uie duo- 
denum about 3 inches beyond the bend (cp. Fig. 42 B). 

The large intestine consists of the colon, about i| feet long 
and the rectum about 2i feet long. The walls of the colon arc 
puckered (sacculated) in a characteristic manner (cp. Fig. 41) 
Faecal peUets arc usuaUy visible in the rectum. ^ ^ ^ 
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THE CAECUM. At the junction of small and large intestine is 
the caecum, a large, blind tube nearly 2 feet long, and much 
wider than the other parts of the intestine (cp. Figs. 3, 42); 
it ends in a narrow, thick-walled vermiform appendix, about 
4 inches long. This caecum is connected with the digestion of 
cellulose. There is a small unimportant caecum and a vestigial 
appendix in man (cp. Fig. 42 A). The reader should remember 
that human beings cannot digest cellulose (cp. p. 175). 

THE LIVER of thc rabbit consists of five lobes, from each of 
which a duct arises. These Join to form thc bile-duct, which 
opens into the duodenum a short distance behind the pylorus. 
These two ducts are therefore separate in the rabbit (cp. 
Figs. 42 A and B). There is a gall-bladder for storing bile, 
opening out of the bile-duct. 


Exercises 

Examine thc head of a living rabbit: notice its eyes, cars, nostrils, 
mouth, &c., and closely observe its method of dealing with food. 

Examine the skull of a rabbit: remind yourself of thc structure of 
the teeth and of the dental formula; then examine the joint between 
tlie upper and lower jaw, and try to discover what motion is possible. 
Examine a dissection of a rabbit, opened to display the alimentary 

canal. ^ 

Examine and sketch the alimentary canal of the rabbit, which has 
been removed from the animal and spread out on a dissecting board. 
Examine a dissection made to display the liver and portal vein of 

the rabbit. 

COMPARISON OP THE ALIMENTARY CANAL OF MAN AND R^BIT. 

Comparing thc alimentary tract of man and the rabbit, wc 
find many striking resemblances between the two. Both arc 
formed on the same plan, and the digestive processes are 
similar in thc t^vo. The differences observed are chiefly such as 
are necessary to enable thc animals to deal with different lood^s. 

Tongue, teeth, &c., arc, as wc have seen, different in t e 
two. In man the intestine is about 25 feet long; in the ra^it 
its length, including that of the caecum, is about 14 ^5 

a man weighs at least thirty times as much as a rabbit. 
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Obviously the alimentary canal of the rabbit is very much 
longer in comparison with the animal’s size. 

FUNCTION OF CAECUM. We always find that herbivorous 
animals have a longer and more complicated digestive tract 
than carnivorous ones. Vegetable food is more bulky than 



Fio. 4a. Alimentary canal of man (A), rabbit (B) (diagrammatic) 


animal food; far more must be eaten to furnish the same 
amount of nourishment. The alimentary canal of the her- 
bivorous tadpole is longer, for example, than that of the 
flesh-eating frog. The canal actually becomes shorter at 
metamorphosis. Many herbivores have several ‘stomachs*; 
the cow possesses four. * 

Further, vegetable food consists largely of cellulose, and no 
vertebrate animals form a cytasc, i.c. an enzyme for its 
digestion. They rely on the secretions of bacteria living in the 
pt. The caecum of the rabbit is an organ into which the food 
IS, so to say, side-tracked for a time, so that it can undergo 
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bacterial digestion. Man has only a vestigial caecum, and 
cannot digest cellulose at all. 

This comparison of man ard rabbit has served to illustrate 
two important facts: 

1. The fundamental similarity of the digestive tract in all 
mammals. 

2. The adaptation of the organs of each animal to its own 
special food. 


THE ALIMENTARY CANAL OF THE FROG 

Let us now examine the frog as an example of a vertebrate 
animal belonging to a lower group. 

THE MOUTH (cp. Fig. 43). Thc frog posscsscs both teeth and 
a tongue. The teeth are small and are all similar in shape. 
They are not embedded in bony sockets and are formed on 
thc upper jaw only, where they not only edge thc jaw-bone, but 
also occur in t^vo patches, thc vomerine teeth, on the roof of 
the mouth. These teeth are not used to tear up food, but are 
helpful in the capture of prey. 

On the roof the eyes are obvious, and they can actually be 
pressed down into the mouth cavity to aid in thc capture of 
food. There is no hard palate to separate the nasal passages 
from the mouth, as in mammals (cp. p. 164) and the internal 

nares open into the front of the mouth. 

The sticky muscular tongue is attached by its front end, me 
hinder end being free. It can be flicked out and used for 
the capture of the worms, slugs, small insects, &c., on which 
the frog feeds. He will not attempt to catch ‘food* unlea 
it is moving, a fact which makes live frogs somewhat difficult 
to keep in the laboratory. The frog has no salivary glands, only 
mucous-secreting ones. 

At the back the mouth passes into the pharynx. Here we 
observe thc glottis, a narrow sUt-like opening in its floor which 
leads into thc short bronchus (cp. Fig. 43)- These structures 

are connected with respiration. ... • 

The pharynx narrows into the oesophagus, which pa^cs into 

the sac-like stomach. There is no diaphragm m thc frOo, 
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separating the coelom into thorax and abdomen, and the 
oesophagus is very short. 

From the stomach the food passes into the small intestine. 


fnternai nares 


Liver 


Smaii ^ 
intestine 


Urinaru 

bladder 


Eustachian tube 

{from ear) 

Glottis (to lunjs) 



'.Liver 


GaLL 

bladder 


■Pancreas and 
combined hepato- 
pancreatic duct 


'Stomach 


Spleen 

^Large intestine 
Cloaca 

Fio. 43. Alimentary canal of frog (diagrammatic) 

is comparatively short-only 4 or 5 inches long-and is 
thrown into two or three loops only. 

I^erc is a bile-duct from the Uver into which the pancreatic 
duct opens, and the common duct from the two opens into 
the begmmng of the mtestine. ^ 

The smaU intestine passes direcUy into the large intestine. 
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which consists of rectum only. This opens into the cloaca, and 
not directly to the exterior (cp. p. 43®)* Digestion and assimi- 
lation take place in the frog as in the other vertebrates we have 
studied, and most of the absorbed food is carried by the 
hepatic portal vein to the liver (cp. Fig. too). 

Exercises 

Elxamine a dissection of a frog, opened to display the alimentary 
canal. Make sketches to show the structure; jJso a sketch of the 
liver, gall-bladder, and portal vein. 

Examine a prepared transverse section of the small intestine of the 
frog, which has been stained and mounted. Notice the folds on the 
inner intestinal wall. 

Examine and sketch the mouth of a frog, opened to display the 
tongue, teeth, eyeballs, internal nares, oesophagus, and glottis. 

QUESTIONS ON CHAPTER XIV 

1. Say what you know of the structure and functions of teeth. 
Describe in detail the differences between the teeth of any mammal 
with which you arc familiar, and give the dental formula. Your 
answer should be illustrated by sketches. (C.L.) 

2. Describe the teeth of a rabbit, or other mammal, with reference 
to their function. (C.L.) 

3. Give an account of the structure of mammalian teeth and indi- 
cate how the structure of a tooth is related to the function which it 
performs. (Ox. & C.) 

4. Give an account of thcstructureand functions of (a) thestomach, 
and (b) the small intestine, of the rabbit or other mammal. 

5. What do you understand by digestion ? Describe the alimentary 
canal of the rabbit or frog, and briefly outline the functions of its 
various parts. 

6. A dog is given a meal of meat (with fat) and biscuit. Descri c 
what happens to the chief constituents of this food as it passes down 
the alimentary canal from the mouth to the intestine. (J.M.B.) 

7. Give an account of the appearance and external structure of 
the liver in either the rabbit or the frog, so far as these can be deter- 
mined by the naked eye; enumerate and briefly describe the chici 

functions of this organ. ^ 

8. Give an account of the process of digestion and assimilaUo 

food in a vertebrate animal. (Ox. & C.) 
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9. What do you mean by absorption of food? Show how the 
structure of the small intestine fits it to perform this task, and say 
what you know of the fate of the absorbed food. 

10. Write a short essay on the storage of reserve food in the body 
of a vertebrate animal, describing as fully as you can the subse- 
quent fate of the food so stored. 

It. Of what does the food of a frog consist? How does it obtain 
this and digest it? Include in your answer a brief description of the 
Structures concerned in the processes named. (G.W.B.) 

12. What are the main blends of substances made use of by 

animals as food? Describe how a mammal digests any one of these. 
(B.) 

13. Explain what is m^nt by digestion, and give a brief account 

of the organs concerned in this process in any vertebrate tvoe vou 
have studied. (G.W.B.) ^ 

14. Describe the process of digestion in a mammal. What arc 
enzymes, and what part do they take in digestion? (L.G.S.) 

15. VVrite an Ulustrated account of the alimentary canal in the 
frog, and describe the process of digestion in this animal. (O.L.) 

16. Compare the chemical changes that take place in the ali. 

mentary canal of a rabbit with those in either a potato tuber or a seed 

at different tunes of the year. By what agents are these changes 

brought about? Describe any one experiment you have performed 
m this connexion. (L.G.S.) 

17. ^plain how digestion and absorption of food are carried on 

(J.M B ) processes take place in Hydra. 

aUmentary canal of the frog and 
indicate the functions of the various parts. (C.W B ) 

‘he liver, pancre^, and kidneys as 
een .n he dmection of a frog or a mammal, and show by diagram, 

.wo^rd^el: mg 7 n:“ G.Lo 

hvS^en ‘and ' compounds of carbon, 

the . 1 ?’ ^ “ named plants. What happens to 

the substance, you mention when the plant is eaten by an animal? 

foxVc.r ” ti'ce c,“f 



(i8o) 


CHAPTER XV 

DIGESTIVE PROCESSES AND THE DIGESTIVE 
ORGANS OF CERTAIN PLANTS 

Most plants digest their food intra-cellularly. We know 
already that digestion and assimilation are more particularly 
animal functions, made necessary by the fact that animals 
ingest solid food containing ‘foreign* proteins, carbohydrates, 
and oils. Non-green plants, like animals, require organic 
food, but they can only absorb this food in solution. Hence they 
often send out enzymes into the food which will make it 
soluble and dilTusible, and so capable of absorption. We shall 
examine some plants of this kind later. 

Green plants are largely relieved of the need to digest and 
assimilate their food since they make their own. Yet all plants 
store some food, if only enough to supply their needs during 
the hours of darkness, when photosynthesis has ceased; and 
many store large reserves of food for future use, often laying it 
up one season for use in the following one; such stores arc 
found in all seeds, in carrots and other root vegetables, in 
bulbs, in the trunks of trees, &c. It is these stores which supply 
the materials necessary for rapid growth in early spring. 

Such reserves are nearly always solid and indiffusiblc; when 
they are required enzymes arc produced in the actual storage 
cells, and the food is digested within the cell in which it was 
deposited, each cell dealing with its own store. With the few 
inevitable exceptions, plants have no special digestive orgam. 
It is to these few exceptions that our attention will now be 
turned. (Gp. also Chapter XXVII.) 

INSECTIVOROUS PLANTS 

These insectivorous plants are an interesting group which, 
as their name implies, capture and digest animal food (insects;. 
They are green, and manufacture their food in Ae usual green- 
plant fashion; but they also capture insects in one way or 
another, using them as sources of additional nitrogenous o 
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Some 500 kinds of insectivorous plants arc kno\vn to 
botanists, but, of these, only three genera occur wild in Eng- 
land. Let us look at these interesting plants, the sundews, 
butterworts, and bladdcrworts. 



Fio. 44. A. Sundew plant (xa). B. Single leaf (x 4) 


THE SUNDEWS (drosera). Thcsc plants occur in nearly all 
parts of the world, wherever bogs occur. About forty different 
species arc known, of which three arc British. 


Examine and sketch a sundew plant; notice particularly 
the app^rance of the leaves, and draw one of these leaves under 
a lens. Grow the plant in a basin with wet moss; it often grows best 
if covered with a bell jar. ® 
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Experiment 64. Select young leaves which have large drops of 
*dew’ on their tentacles, and place a minute fragment of raw meat on 
one of the long tentacles of each leaf. Watch the behaviour of the 
tentacles, carefully time them, and make enlarged sketches of the 
leaves so treated at intervals of ten minutes. 

Experiment 65, Repeat experiment 64, placing the fragpnents 
of meat on the middle of the leaf. 

All the sundews are low-growing rosette plants, which nestle 
among the bog-mosses of their characteristic haunt, the peat 
bog. Their leaves are covered with delicate red tentacles, each 
tentacle ending in a small round knob, like the head of a pin. 
They are true glands, secreting a shiny, sticky fluid, drops of 
which exude from the enlarged ‘pin-heads*. These constitute 
the ‘dew’ which glitters in the sun and gives the plant its 
name. An insect, attracted by the ‘dew*, alights on the leaf, 
and, if it is small, its doom is sealed. The tentacles are 
sensitive to the lightest touch, and, stimulated by the contact, 
they begin to move. In about ten minutes those that were 
touched have moved through 90® and are holding the insect 
in position. Soon the stimulus is transmitted (cp. p. 256) to 
neighbouring tentacles. They also begin to move, and in tlic 
course of an hour every hair on the leaf has converged on to 
the unfortunate victim. 

The contact also stimulates tlie glands in the tentacles 
and they secrete their sticky mucous fluid more rapidly. 
Smeared in this fluid, and becoming more involved the more 
it struggles to get free, the insect’s fate is soon scaled. Its 
spiracles (cp. p. 292) become clogged with the dew . It 
cannot get oxygen, and soon dies of suffocation. The tentacl^ 
still hold it firmly in position, and now their secretion alters in 
character. They begin to pour forth an acid juice, containing 
a protease belonging to the class of enzymes called pepsins 
(cp. p. 142). This attacks the carcass of the insect, and digests 
it as surely as our stomach digests the dinner-time beef^ in 
tliis manner these sundews digest and absorb organic food. 

TitE BUTTERWORTS (piNGUicuLAs) are another 
scctivorous plants, containing three species common in Britain. 
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Exercises 


Examine and sketch a butterwort plant; examine the leaves care- 
fully, and diaw one as seen under a lens. 

You are given a transverse section of a butterwort leaf, motmted 
on a slide. Examine with a microscope and notice the glands on the 
upper surface. 



Fio. 45. A. Butterwort plant, viewed from above (xi). B. Part of leaf, 
in transverse section, showing glands (as seen under microscope) 


The butterwort grows on the damp, dark soil of moors, on 
wet bogs, along the banks of brooks, and in other wet places. 

Each of its oval leaves has upturned margins, which convert 
it into a flat-bottomed trough. On the surface of the leaf are 
two kinds of glands: small mushroom-shaped structures, large 
enough to be seen with the naked eye; and tiny digestive 
glands, which secrete a liquid containing a protein-digesting 
ferment The larger glands produce mucin, a sticky fluid. 

The mechanism resembles that of the sundew. The ^digestive 
glands* respond to a chemical stimulus only, pouring out their 
secretion when stimulated by some protein-containing sub- 
stance, such as a tiny insect The secretion contains pepsiriy and 
the action of this fluid closely resembles that of the gastric juice 
m our own stomachs; by its aid any nutriment in the body of the 
unfortunate captive is digested and so prepared for absorption. 

‘Inasmuch as the gland cells of Butterwort absorb all the soluble 
parts of their prey, and reabsorb the solvent discharged by them, the 
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action of this plant’s leaves is exceedingly like that of the animal 
stomach, and the process may fairly be regarded as digestion.* 
{Natural History of Plants y Kerner.) 

THE BLADDERWORTS are a third group of British insectivorous 
plants, and of these, too, there are three British species. 

M/ One bLadder-in section 






Stem ^ 

Leafdf^ 

bladders 






Absorptive hairs on 
internal surface 
of bladder 


Fio. 46 . Bladdcrwort, an insectivorous plant (all enlarged) 

Exercise. Examine a short length of a bladderwort stem with 
a lens, and draw the leaves and bladders. 

These bladderworts are rootless plants which grow sub- 
merged in the water of moorland pools. They have the finely 
divided thread-like leaves so often found on submerged water 
plants (cp. pp. 272, 277). At intervals we notice curious little 
bladders; these are nothing more or less than traps lor ti y 
insects. Each bladder has a small lid which only opens inwards, 
and an insect caught in the bladder cannot escape, as the iid 

cannot be opened from the inside. ^ nr 

The trapped insects eventually die from suffocatio 
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starvation, and then decay. No enzymes are formed by these 
bladders; they are not digestive, but trapping and absorbing 
organs. The inner face of the bladder is beset wth absorbing 
hairs, which suck up the products of decay. This decay is the 
result of bacterial action (cp. p. 122). 

Thus all these insectivorous plants obtain animal food, which 
supplements their other sources of supply. 

THE DIGESTIVE LAYER OF THE SCtJTELLUM IN THE SEEDS OP 
CEREALS. 

The maize grain. As a second interesting example of a group 
of plants with definite digestive organs, let us examine the 
single-seeded fruits of the cereals— maize, oats, barley, rye, &c. 
The seeds of these plants are enclosed in the fruit case (peri- 
carp), and seed-coat and pericarp are closely adherent. The 
whole structure is called a grain. 

The maize is the largest of the grains, and therefore most 
suimbie for a first examination. The embryo is relatively small 
and does not hU the grain; it rests upon a mass of reserve food’ 
the tnJosperm, which occupies the bulk of the space within. 


“Me grains. Notice the yellmvish skin, which is 

Mother 

to- --- 

testClt touts.'" (MiUon-s 

Iongitudin^;J^te°{t ^‘Sc^Ymb "T “““ “ '="* 

-- ^ at one end. » tomTu 
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there is the plumule, in which several leaves are visible, 
wrapped round each other (cp. Fig. 47). Attached to the 
upper portion of the root, and forming the other end of 
the axis of the embryo, is a large shield-shaped outgrowth, the 
scutellum or cotyledon. This is both longer and wider than 



Fruit of Maize 



Fruit skinned. Cotyledon parriy 

removed, To show 
plumule and radicle. 
Fused pericarp and testa, 
e. endosperm. c.coryledon • of 
which the part nexr to the 
endosperm , is called the scutellum, 
and absorbs the Food stored in the 
endosperm. p the plumule, 
r the radicle. 


Fio. 47. Longitudinal section of maize grain ( X a) 


the plumule, which it partially enfolds. Its outer edge is in 
close contact with the endosperm. Thus the embryo consists of 
radicle, plumule, and scutellum (cotyledon). We see that the 
maize embryo has one cotyledon only; this is characteristic of 
all monocotyledonous seeds. It has a quantity of reserve food 
which is stored outside the embryo plant; this is a character- 
istic of all endospermic seeds.* The surface layer of the scutellum, 
where it touches the endosperm, consists of elongated cells, 
about three times longer than they are broad, with finely 

“ The bean seed previously described bad no such itorc (cp, p. 85). 
It is non-endospermic. 
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granular protoplasm and conspicuous nuclei. This is tlie 
epidermal or digestive layer of the scutellum. Its function is to 
digest and absorb the reserve food when germination begins. 

A few hours after the grain has been soaked and given 
conditions favourable to growth, marked changes begin to 
occur in the cells of this epidermis. The protoplasm becomes 
cloudy and much more coarsely granular; the cells themselves 
begin to enlarge until, at the end of the third day of germina- 
tion, they are three or four times their original size. Soon after 
these changes have started in the digestive layer, the walls 
of the adjacent endosperm cells begin to dissolve and the 
contained starch grains become pitted. The reserve food is 
in process of digestion. 

The cells of this epidermis produce enzymes (the carbo- 
hydrases diastase and cytase, and probably proteases as well), 
which escape into the endosperm. The functions of the scutel- 
lum arc (i) to digest the endosperm, (2) to absorb the soluble 
foods, and (3) to transmit them to the growing axis. It is as 
much a digestive organ as is the gut cavity of a vertebrate 
animal, for, like the intestine of such animals, it both digests 
and absorbs food. 

These examples show that though extra-cellular digestion, 
which is the typical form of digestion in animals, b not usual 
in plants, yet it does occur in certain cases. There b no hard- 
and-fast dividing line separating the living processes in plants 
and animab; the great functions of respiration, digestion of 
food, &c., are similar in both. 


QUESTIONS ON CHAPTER XV 

1. Where b the food stored in a bean seed produced, and how 
does it reach the storage cclb? Describe the changes which it must 
undergo before it can be used by the developing embryo, and give 
one experiment which supports your statements. 

Explain fully from what sources (a) the ordinary green plant, 
( 4 ) the insectivorous plant, obtains the nitrogen it requires. 

3 * Describe in detail the methods by which (a) sundew and 
(6) butterwort obtain organic food. 
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4. Write a short essay on insectivorous plants. 

5. By means of labelled diagrams describe the structure of the 
maize (or wheat) grain. Explain concisely how the reserve food- 
substances are made available for the nourishment of the young plant. 

6. Compare the nourishment of the young maize plant with that 
of any young mammal fed entirely on its mother’s milk. 

7. By means of labelled diagrams only, show (a) the external 
appearance and internal structure, and (i) three progressive stages in 
the germination of a grain of maize or wlieat. Explain the work 
done by the cotyledon during the germination of the grain selected. 
(J.M.B.) 

8. What do you know of the ways in which plants and animab 
store food material? Indicate bow reserve food material is made 
available when it is required, and give two examples, one from plants 
and one from animals. (Ox.L.) 

9. What do you understand by ‘storage of food’ in plants? Name 
three substances so stored, and state in what organs they occur. What 
is the nature of these substances and what becomes of them? (C.L.) 



CHAPTER XVI 


OTHER WAYS OF OBTAINING FOOD 

PARASITES, SAPROPHYTES, SYMBIOSIS, ETC. 

Methods of feeding. So far wc have examined two ways of 
feeding. The ordinary green plant makes its own food, i.e. is 
holophytic; the typical animal lives on organic matter obtained 
from plants and other animals, i.e. it is holozoic. Two other 
methods of feeding remain to be discussed. Many creatures 
are parasites^ living on or in the bodies of other organisms 
ironically called their ‘hosts*, from whom they steal their food. 
Then again there are certain colourless plants known as 
saprophytes (Gk. sapros = rotten) that live on decaying organic 
matter which they can only absorb in solution. Let us study 
these parasites and saprophytes more fully. 


PARASITES 

TJerc arc a very large number of parasites; wc arc reminded 
ol the familiar adage about ‘big fleas having little fleas’, &c. • 
^obably no living organism is quite immune from attack! 
^ey range in structure from simple bacteria to parasitic 
howenng plants and even vertebrate animals. Many of these 
creatures are degenerate in structure and have quite lost the 
ability to provide for themselves; we find plants with mere 
^tiga of roou and leaves, animals reduced to little more 
than food-imbibmg and reproductive machines. Their wavs 
of Imng are extraordinarily diverse; the parasitism may hi- 

M of “"T on another 

(c) of an animal on a plant, (d) of a plant on an animal - case^ 

«en occur where the male animal is parasitic on the fet^U 
maturity in the humanltestine Te^g^ in^t 

one portion of its life^cycle LX ? ““ completes 

uie cycjc in the mosquito (cp. p. 312). The 
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very destructive rust disease of wheat is caused by a fungus 
(Puccinia graminis) which uses the barberry as a second host. 

PLANT PARASITES. 

Parasitic bacteria arc very numerous; the group includes the 
organisms which cause boils, blood poisoning, pneumonia, 
leprosy, tuberculosis (consumption), diplithcria, typhoid fever, 
&c., in man. Some of these are transmitted in the air, othen 
reach us in our food, our milk or water, others by direct contact 
with an infected person (contagion). They cause tremendous 
loss; about one-seventh of all human deaths arc due to tuber- 
culosis, and it is estimated that at least 50 per cent, of all 
deaths are caused by bacterial infection. Not man alone, but 
practically every living organism, is susceptible to the attack 
of parasitic germs. 

Parasitic fungi. Many fungi are parasites; they cause the 
plant diseases known as smut, scab, rust, mildew, &c., which 
result in great loss to agriculture. Among animal diseases due 
to a fungus we may mention one that causes a regular epidemic 
among house-flies in autumn. Perhaps you have noticed these 
dead flies, adhering to windows, &c., surrounded and held 
down by a white halo formed of the hyphac of the fungus 
(Empusa muscae) that killed them. Or perhaps you find the 
goldfish in your aquarium liable to the attack of a fungus. 
Ringworm is a familiar fungal disease which attacks the human 
skin. 

Mildews are parasitic fungi which live in or on the leaves and 
fruits of flowering plants. They take their name from the white 
cobweb-like mass of fungal hyphae, particularly characteristic 
of the powdety mildews, wliich invest the surface of the infected 
leaf; these hyphae send suckers into tlic epidermal cells by 
which they absorb nutriment.* The mildews cause muc 
damage to certain cultivated plants; roses, especially ramblers, 
are very liable to attack; the grape-vine mildew (which is ol 
American origin and was not known in Europe ^ 45}> 

the hop and gooseberry mildews do very considerable damage 

* The downy mildews (e.g. potato blight) penetrate farther into the 
tissues of the host. (Cp. Fig. 48 A.) 
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to the crops they attack. They can all reproduce by tiny spores 
(cp. Fig. 48 B) which are disseminated by the wind. These 
spread the mildew so rapidly that whole areas may be devas- 
tated within a few days. 



Spores, s'mgU cells which 
are continuallj/ budded 
off and bjf which the 
fungus IS spread 


Transverse 
section of 

nr' 

infected 
leaf 



Fungal hypha 
sending suckers into 
epidermis of host 

Palisade 

mesophyll 


Fio. 48. A. Epidermis of a cress seedling. On it and penetrating it 
arc the hyphae of a (downy) mildew fungus. B. Another (powdery) 
mildew fungus, on the leaf which is its ‘host* 


It was the spread of the ‘late blight* caused by the pototo 
mildew which caused the great Irish famine of 1845. 

Parasitic flowering plants. Certain flowering plants arc com- 
pletely parasitic, forming no chlorophyll and being dependent 
on the host plant for all their food. Others arc only partial 
parasites; being green they can make their own carbohydrates 

but they absorb a part of their nutriment from some othe^ 
organism. 
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Dodder is a welI-kno\vn member of the former group. It is 
a climbing plant, and we often find its delicate thread-like 
stems wound round plants of gorse, heather, clover, thyme, 
&c. (cp. Fig. 49 A). The parasite sends suckers into the host at 
the points of contact, which penetrate the tissues of the host 
plant and absorb food. A dodder cannot make any food for 
itself. It has no root and only tiny vestigial colourless leaves. 
Dodder flowers are quite perfect, however, resembling those 
of the convolvulus, and the plant makes numerous seeds. 
The seedling possesses a minute thread-like radicle, but this 
very soon shrivels and decays (cp. Fig. 49 A). Very early in its 
life the dodder becomes completely parasitic; it has quite lost 
the power to make its own food, and the whole seedling dies 
if it does not come in contact with a suitable host. The 
plumule, which rotates as it grows, establishes such contact, 
and suckers arc formed. These become connected with both 
wood vessels and sieve tubes of the host, so that the parasite 
can now absorb both water and food (cp. Fig. 49 A). 


Broomrapes and toothworts are other complete parasites often 
found in British woods. Both are root parasites, sending their suckers 
into the roots of the host plant. Broomrapes often grow on broom 
and ivy plants, toothworts on hazel, beech, &c. 


Dodder is a colourless plant with vestigial leaves; mistletoe 
is green with well-developed leathery evergreen leaves.^ It 
can make carbohydrate food and is therefore only partially 
parasitic. It sends absorptive suckers into the conducting 
tissues of its host plant, often an apple, poplar, or oak tree. 


The fruit of mistletoe is the familiar berry, and its seeds are dispers^ 
by birds, chiefly by thrushes. If one lodges in a crevice on a suitable 
tree, it germinates slowly and sends out a radicle which 
towards the bark. Soon, from this radicle, a sucker is produc^ whicn 
penetrates the bark and makes its way through cortex and bast into 
the wood of the host. It can now absorb water and salts, and slowjy 
the development of the seedling proceeds. In the secon 
forms its first pair of leaves, and gradually a comparatively larg 


plant may be produced. 

Among common semi-parasites arc 


yellow-rattle, cow-wheat, eye- 
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Fro. 50. The Life*historv of a Tapeworm. (After Leuckart) 

1. Six-booked embryo in egg-case. 2. Bladder-worm suge 
with head turned in. 3. Bladder-worm with head thrust out. 

4. Enlarged head of mature worm, showing suckers and hooks. 

5. General view of worm. 6. One ripe segment, showing the 
branched uterus which is full of eggs in their protective shells 
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bright, and other small plants with green leaves which have nothing 
above ground to betray their parasitism. They arc all root parasites, 
sending suckers into the roots of grasses and other meadow plants 
which serve them as hosts. 

Exercise* Examine and draw any parasitic plants that are avail- 
able. Examine also under the microscope prepared sections which 
show the connexion between the various parasitic plants and their 
hosts. 


ANTUAL PARASITES. 

Animal parasites are very numerous, including examples from 
every main group of the animal kingdom, from unicellular 
forms on the one hand to vertebrates on the other. Man him- 
self is preyed on by a large number; for example, all the blood- 
sucking external parasites (fleas, lice, leeches, mosquitoes, &c.) 
and many internal ones, such as the parasitic amoeba which 
causes dysentery, and the many parasitic worms (flukes, tape- 
worms, hookworms, round worms, &c.); these are all very 
prevalent, especially in the tropics. In 1909 it was found by 
the Rockefeller sanitary commission that 


‘more than two million people in the Southern States [of U.S.A .1 
are infested with hookworm*. They estimated that *in the inhabited 
temtory between 30® N. and S. of the equator, more than a thousand 
imilion people harbour the parasite, the infection among some races 

amounting to nearly 90 per cent, of the entire population 

‘This dis«^e hw probably been an important factor in retarefing 
the economic, social, intellectual and moral progress of mankind.* 


The same thing is true of many other human parasites (cd 
pp. 203, 204). ^ 

The str^lure and life-history of the common tapeworm (Taenia 
solium). Tapewonm are internal parasites which, in the adult 

^ I *^*fi!l* intestine of a vertebrate host. The 

early ( bladder-worm*) stage is found in a second host, often 

another vertebrate. The life of these parasites fall^ into three 
stages: 

(i) A very short ‘free' stage, i.e. one outside the body of 

exther host. ^ 

(ii) Its life in the first host, during which it develops from 
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a small hooked embryo (cp. Fig, 50 (i) ) into a bladder- 
worm or cysticercus (cp. Fig. 50 (2) ). 

(iii) Its development from bladder-worm to maturity in the 
second host. 

The hosts of some common tapeworms are given below: 



Fru stage 
{Hooked embryo) 

Immature stage in first host 
{Bladder-tvorm or 
Q/sticercus) 

Adult stage in 
second host 
( Tapeworm) 

Species A 


In muscle of pig 

In intestine of 
man 

» B 


In muscle of ox and other 
hoofed animals 

In intestine of 
man 

» G 

I 

In rabbits, hares, &c. 

In dog and wolf 

.. D 


In mouse 

In cat 

E 


In brain of sheep and 
other hoofed animals, 
causing ‘staggers’ 

In dog 

» F 


In man, usually in the 
liver, where it can cause 
great damage to the 
tissues 

In dog and wolf 

1 

» G 


In pike, trout, and other 
fish 

Id man 


Let us study the life-history of the first member of this series, 
Taenia solium, which infests {a) the pig and (A) man. The 
mature worm, which lives in the human intestine, may be from 
6 to 9 feet long. It consists of a ‘head’ and of a varying number 
of segments (proglottides) — there may be as many as 850. As 
‘ripe* proglottides fall off behind, new ones are continually 
formed in the region just behind the head, the so-called 
‘neck*. 

This head has four muscular suckers and a crown of hooks 
(cp. Fig. 50 (4) ) by which it attaches itself firmly to the w^ 
of the ‘host’s* intestine. Behind it, in the neck region, slight 
transverse constrictions arc visible which mark the beginnings 
of the newly formed segments (proglottides). As we 
backwards these become larger and larger, until at the 
hinder end of the body we reach the region of mature pro- 
glottides. 
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Each such proglottis contains a complete set of reproductive 
organs, both male and female (cp. pp. 428, 496), the animal 
being hermaphrodite. For a parasite this condition has obvious 
advantages. If, as in most animals, a male and female were 
required for the continuation of the race, the chances of such 
continuance would be infinitely remote. The host would 
obviously have to harbour two parasites of different sex before 
reproduction could occur. In this creature, apparently, each 
proglottis can fertilize its own eggs. 

The proglottis, when it becomes mature, contains a large 
number of eggs in its distended ‘uterus* (Fig. 50 (6) ), each egg 
being enclosed in a firm, resistant shell. The ripe proglottis 
now becomes detached from the rest of the worm and passes 
out from the body of the host in the faeces. Development of 
the new animal has already begun, and the egg-shell contains 
at this stage a tiny embryo which consists of a solid mass of 
undifferentiated embryonic cells; on the surface of the mass 
are three pairs of pointed hooks or spines (cp. Fig. 50 (i) ), 

This embryo cannot develop any further until stimulated 
to renewed growth by entry into a fresh host, in this case, a 
pig. The expelled proglottis cither decays and sets free the 
eggs, or is swallowed entire. In either case, if the egg reaches 
^c alimentary canal of the pig, its shell is softened by the 
djgwuvc juices and the little six-hooked embryo is set free. 
vnth the help of these hooks it bores its way through the wall 
of the intestine and into a branch of the portal vein (cp. p. 208! 
It IS ^med in the blood-stream until it reaches a small capill 
la^ (in the c^c of T. solium a capillary supplying the muscle 
ccUs). Here the embryo makes its way between the cells, which 
react to the irritation caused by the parasite by producing 

W d ^ M embryo now loses its hoolj 

Tn it urh?Vl"‘° 50 (a) ). At no stage 

in Its hfc has this animal a mouth or an alimentary canal. If its 

anc«tors ever possessed such organs, they were gradually lost 

mo*-' completely adapted to a parLitic 
mode of life; m this respect it b extremely degenerate (cD 

worn « “ ‘he bladder-worm and tap^ 

worm stages, by pre-digested liquid food which it absots 
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from the tissues (or the food-canal) of its host through its whole 
surface. 

The cysticercus (bladder-worm) consists essentially of a 
tapeworm ‘head’ with hooks and suckers, attached by a short 
neck to a relatively large bladder. The head is tucked in as 
shown in Fig. 50 (2). 

No further development takes place in the pig, but when 
man unwittingly eats ‘measly* and undercooked pork the 
creature begins to grow again. Stimulated by the new sur- 
roundings it thrusts out its head (cp. Fig. 50 (3) ), its bladder 
being digested and absorbed. It fixes itself by the head to the 
intestinal wall. Abundant nourishment is provided by the 
semi-digested food around it and, from this head, a chain of 
proglotddes begins to be formed. These become mature, pass 
out of the host, and each egg may start a new infection. 

Exercise. Examine with lens and microscope mounted specimens 
of (a) whole worms; (6) the head; (c) bladder-worms. These latter are 
often seen when we open a rabbit for dissection. These creatures 
nearly always harbour the cysticercus stage of T. serrata. 

SAPROPHYTES. 

Saprophytic plants live on decaying organic matter. The group 
includes forms belonging to every subdivision of the plant 
kingdom, from the lowest (bacteria and simple fungi) to the 
highest (flowering plants). The saprophytic bacteria arc the 
world’s most efficient scavengers, for they clear away organic 
refuse (cp. p. 122). They do this by living among it, decom- 
posing it, and using the products of this decay as food. 

‘These minute bacteria’, says Sir R. Lankestcr, ‘cannot get their 
food into them as they have no stomach. Conversely, they get into 
their food, acting upon it by ferments (enzymes) diffused from cir 

living surfaces.’ 

The proteins in such refuse are broken down, step by step, 
each stage the work of a different group of bacteria, un^ 
finally some of the nitrogen is in the form of nitrates (p. 122), 
while the carbon has been given off as carbon dioxide. Nitrate, 
as we have learned (p. 74), are, with carbon dioxide, &c., tnc 
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raw materials needed by green plants to build up proteins once 
more. So the circle is complete; there is no waste in nature. 

DECOMPOSITION OF NITRATES. This decomposition of nitro* 
genous compounds does not always stop, however, when they 
have been converted into nitrates. Denitrifying bacteria may 



carry the process a stage farther until, ultimately, gascoui 
mtrogen is set free. Such free nitrogen is useless to most livine 
organisms (cp. p. 70), but there are certain nitrogen-fixing 
bactena which prevent its irrevocable loss; they ‘fix it* as we 

P* "“ 3 ). that is, they cause it to unite 
wth other elements to form mtrogenous compounds once more. 

These compounds are ulumatcly used by the green plant 

CIRCULATION OF nitrogen. From aU these facts we learnthat 

Ac Imogen of Ac world is in continuous circulation. This 
circulation is summarized in Fig, 51, 
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SPECIAL METHODS OF NUTRITION 
SAPROPHYTIC FUNGI. 

Mtuor.^ If we expose some bread to the air for a few days, 
keeping it moist, it becomes covered with various saprophytic 
fungi, the spores of which are present in the air. One of the 
commonest of these is Mucor or the bread mould, which, when 
It appears, soon covers the bread with a dense network of fine 
white hairs. The whole plant consists merely of a mass of 
branching threads or hyphae which form the mycelium or 
body of the plant (cp. Fig. 52 A). 

From this mycelium certain upright hyphae arise which 
grow out away from the bread and into the air. These produce 
the reproductive bodies or sporangia. They are spherical struc- 
tures, at first cream in colour, but becoming black as they 
ripen (cp. Fig. 52 B). 


Cxercises 

Examine a culture of Mucor on bread. Notice the condition of the 
bread, the general odour of decay, and the various discolorations, 
green, orange, &c., which indicate the growth of saprophytes— 
bacteria and fungi. 

Mount some of the Mucor hyphae in water and examine under 
the microscope; notice the protoplasm lining the thread, which is not 
divided transversely into separate cells. Nuclei are present in it but 
are too small to be seen without special staining. 

Cut off some of the sporangia, mount them in water, and examine 
with a lens or microscope. Each is a small sac, cut off from the hypha 
by a cross-wall, and containing a large number of minute spores. 
Each spore is a reproductive cell; when these arc ripe the wall of 
the sporangium bursts and the spores are shot out into the air. The 
rupture of the sporangium may often be observed under the micro- 
scope; it is from such air-bomc spores that new plants develop. 

How Mucor obtains its food, Mucor is a saprophyte, i.c. it 
requires soluble organic food. Its hyphae penetrate between 
the particles of bread (or other food material) and produce 
enzymes which pass out into this substratum. These enzyme 
act on the food there, making it soluble and diffusible. In this 
condition it can be absorbed by the Mucor hyphae; the whole 
mycelium is specialized to digest and absorb organic food. 
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Mucot a Ifemunting* agent. In the Far East the fact that Mucor 
can bring about digestion has long been put to practical use, 
Chinese ‘yeast*, for example, is really a mixture of yeast cells, 
Mucor spores, and bacteria. When added to cooked rice the 
mush soon becomes covered with a rich growth of Mucor, 
which ‘sugars the rice* by the enzymes it gives off. The way 
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Fio. 59. Mucor. A. Pordon of plant B. One sporangium (more 

highly magnified) 

is thus prepared for the yeasts, which convert the sugar to 

alcohol (cp. p. 262). The Sak^ or punch of the Japanese is 
produced m the same way. 

Another well-known group of saprophytic fungi includes the 
mi^hrooms, ioadstooU, and puff-balls. The mushroom plant, Uke 
Mucor consists of a mycelium of colourless branching hyphae; 

unhke Mucor, the hyphae have cross-walls, and tend to become 
closely mtenvoven. This mycelium lives underground among 
the decaying horec and cow manure, &c., from which it 
obtaim la food. The edible portion of a mushroom, the part 

bLv nr V reproducUve 

body or fruit . When npe there are on its under surface 


202 SPECIAL METHODS OF NUTRITION 

numerous gills’ or ‘lamellae*, which bear minute brown 
spores. They are free on the surface of the gills, not enclosed 
in sporangia, as in Mucor. It is estimated that one medium- 
sized mushroom may produce as many as 1,800,000,000 of 
these spores. Each spore can give rise to a new plant. 

Exercise. Examine and draw mushrooms at various stages of 
development, sketching them both externally and in longitudinal 
section. Follow their development from the small solid ‘button* to 
the final stage. 

Flowering plants also include a few saprophytic forms, which 
should be examined if possible. The bird’s-nest orchid is a 
fairly common object in British becchwoods. Its complete 
lack of green colour tells us that the plant is not holophydc, 
and if we dig it up we find that it has a very characteristic 
and unusual root system. This is the ‘nest* to which the plant 
owes its name. The yellow bird’s-nest is another saprophyte 
of somewhat similar habit, though belonging to a very different 
group. 

Exercise. Examine and sketch plants of the bird’s-nest orchid 
and the yellow bird’s-nest, particularly noticing the root system in 
each. 

Partial and complete saprophytes. Mucors and mushrooms are 
completely saprophytic, and so are the flowering plants just 
described. They contain scarcely a trace of chlorophyll, and 
depend on organic matter for all their food. 

Among flowering plants we find many partial saprophytes; 
they are green and able to carry on photosynthesis, but they 
also use organic food; many forest trees, most orchids, and 
many woodland plants live in this manner. These plants arc 
not able to prepare their own organic food for absorption by 
excreting digestive enzymes on to it, as do the saprophytic 
fungi (cp. p. 200) ; they depend on the sendees of a fungal 
‘servant’ who does this work for them. The fungal hyphae 
envelop the roots of the saprophytic flowering plant, the fiin^ 
getting shelter, protection from drought, and various other 

benefits from the association. 
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MycorrhizO’. This close association of a root with fungal 
hyphae forms a structure known as a mycorrhiza. In many 
cases the fungus merely envelops the outside of the root; this 
condition is found in most forest trees, in many orchids, &c. 
In other forms, for example in the bird’s-nest orchid, in heather, 
heaths, and other moorland plants, the fungal hyphae actually 
penetrate the epidermis of the root and form a fungus-infected 
zone in the outer cortex. 

Symbiosis. A partnership between two living organisms for 
their mutual benefit, like that occurring in a mycorrhiza, b 
called symbiosb. We have seen that the fungus obtains shelter, 
&c., while the flowering plant obtains organic food in a state 
ready for absorption. There are many cases of symbiosis, both 
in the plant and animal world. That intimate partnership 
between an alga and a fungus which forms a lichen b one of the 
best known. Thb ‘mutual-aid society* enables these plants 
to flourbh where no other living thing can survive, on high 
mountain peaks and near the earth’s poles (e.g. reindeer 
moss). 

Commensalism. We may mention here another rather looser 
form of partnership called commensalism. There b, for 
example, a rhinoceros bird which lives on ‘ticks’, parasitic 
animals which it picks from the rhino’s back; at the same time 
it warns its dull-witted friend of the approach of danger. Then 
again, certain sea anemones arc often found on empty whelk 
shcUs in which crabs are living. They benefit by the fragments 
of food which are let fall by the crab, while the crab is pro- 
tected from its enemies by the stinging hairs of the anemone. 

These anomalous ways of feeding — parasitism, saprophytism, 
symbiosb, commensalism— present many features of interest 
and will repay more detailed study. 

BIOLOGY AND DISEASE, One of the greatest services rendered 

by the biologist to mankind has been to show him the true 

nature of parasitic dbeases. Understanding their nature, he 

has often been able to get them under control or even to effect 
a cure. 

Many of these dbeases have terrible consequences. Whole 
races can be destroyed by them; it b beUeved that malaria 
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contributed to the downfaU of Greece. In 1915 an American 
saentist affirmed that: 

*The hook-worm disease stands with malaria as worse than war 
and the devastation of battles. Through the influence of these diseases 
men and women of the South, bred from the best American colonial 
stock, sank lower and lower in physical degeneration and squalor; 
were derided and denounced as lazy and shiftless and condemned as 
worthless and a disgrace.* 

To combat such diseases successfully the life-history of the 
parasitic organism must be known. The story of this modem 
fight against infectious and contagious disease begins with the 
great French scientist Pasteur. 

Louis Pasteur (1822—95) the first to show clearly the 
connexion between bacteria and disease. By discovering the 
bacterial cause of a very infectious and fatal disease of silk- 
worms, which at that time (1865—70) was threatening the 
whole silkworm industry, he was able to show how it might 
be checked. It is estimated that, by this discovery alone, he 
saved his fellow countrymen enough to pay the whole in- 
demnity imposed after the Franco-German war (1870). 

Later he established the connexion between bacteria and 
a human disease, by showing that rabies is a germ disease, 
caused by infection through the bite of a mad (i.c. rabies- 
infected) dog. He also worked out the method of cure. 

The story of his first human inoculation of a little boy who had 
been badly bitten, and of his watch by the child's bedside, is a very 
dramatic one, which you should read. Out of the first 350 cases 
treated by him only one died. Soon people were flocking from all 
parts to his institute in Paris. 

Among his early patients were nineteen Kus.sians who, early m 
1886, had been bitten by a rabid wolf in the far province of Smolensk. 
In spite of the long journey and the time which necessarily elapsed 
before the cure could be started, the lives of sixteen of them were 
saved. 

The whole science of bacteriology, all modem treatments of infec- 
tious disease such as vaccination, inoculation, antitoxin treatments, 
&c., all our sanitary precautions, all our systems of quarantine aft« 
exposure to infection, all these arc among the direct results of Pasteur f 
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work. Further, it was his discoveries which inspired Lord Lister, 
whose work on antiseptics inaugurated the period of modem surgery 
(cp. p. 520). 

Among insect-borne diseases which have been successfully attacked 
are malaria, typhoid, and yellow fever. In the last years of the nine- 
teenth century SiR Patrick Manson and Sir Ronald Ross demon- 
strated the connexion between mosquitoes and malaria; Howard 
showed that flics may carry the germs of typhoid from manure heaps 
to human food; Walter Read, an American army surgeon, demon- 
strated the connexion between mosquitoes and yellow fever. 

Such biological discoveries have probably saved thousands of 
human lives and untold suffering and degeneration. 


MOSQUITOES AND &iALARtA. Thc lifc-history of the mosquito 

— egg ^ larva -»■ pupa ->• two-winged adult insect— is told on 
p. 312. 

It is the female mosquito, a blood-sucking external parasite, 
that spreads malaria. This disease is caused by a unicellular 
organism, simpler even than an amoeba in structure, which 
lives in the red blood-corpuscles of thc infected person. When 
such a person is bitten by a mosquito thc insect imbibes thc 
parasite as well as the blood of its victim. Thc malarial 
organism goes through a complicated scries of changes within 
thc mosquito, being parasitic on it. It multiplies there, 
eventually reaching thc insect’s salivary glands. Now, when 
it feeds, the mosquito will inject a drop of fluid from these 
glands into its prey. The parasite is thus passed into thc blood 
of the victim, and a new infection is started. Hence, whenever 
an ir^cctcd female mosquito bites an uninfected human sub- 
ject, it will in all probability set up the disease. 


coh^OL OP MALARIA. It Will bc at oncc obvious to the reader that 
dirwtly this Ufc-cycle became known the disease could be brounht 
under control. Thc methods of attack consist in: 

L Drainage of swamps, covering of exposed stagnant water (e a 
ram-water barrels), &c. ^ 

iL Spraying swamps, &c., with paraffin so that the water becomes 
covered with a thm film of oil. 

lil. Encouraging fish, &c., which Uve on mosquito larvae. 

/UJ these methods aim at destroying the mosquito larvae. Further 

•mcc mosquitoes cannot fly far; 
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iv. Separating infected from uninfected people. 

V. Careful screening of houses, suitable clothes, mosquito nets, 
and all measures by which bites are avoided. It is hoped that a 
day will come when the tropical housewife will be as ashamed 
of mosquitoes in her home as is the housekeeper of more tern* 
perate climes of the presence of fleas. 

By these and other similar precautionary measures malaria, yellow 
fever, hookworm disease, sleeping sickness, and many other dread 
diseases of the tropics are graduaUy being brought under control 
(cp- P- 5 i 9 )» 


QUESTIONS ON CHAPTER XVI 

1. Explain carefully the essential difference in nutrition between 
the algae and the fungi, and briefly describe one example of each of 
these classes. (L.G.S.) 

2. Give an account of the life-history of Mucor, including reference 
to its mode of nutrition. (C.W.B.) 

3. Show how the work of bacteria assists in the maintenance of 
plant and animal life. (D.) 

4. Give an illustrated account of the life-history of Mucor or any 
other named fungus. (C.L.) 

5. Slate the main differences between the nutrition of animals and 
plants. Compare the mode of nutrition of Mucor or other fungus 
with that of an animal. (C.L.) 

6. Write an account of the circulation of nitrogen in nature, with 
special reference to the part played by living organisms. (L.G.S.) 

7. How is the nitrogen of the air brought into combination under 
natural conditions? Draw a diagram of the nitrogen cycle and discuss 
its importance. (Ox.L.) 

8. How do (a) plants, {b) animals, obtain the element nitrogen 
which is essential for the building up of protoplasm? Explain hmv 
it is that the source of available nitrogen does not become exhausted. 

9. From what sources and by what methods do living organisms 

get nitrogen? Give definite examples. (C.L.) ^ 

10. What biological reasons arc there for the rotation of crops. 

(Ox. & C. J.B.) , , 

11. Describe the means of propagation of any parasitic mould or 

mildew, and its method of infecting its host. Name the parasite you 
select and its usual host. State briefly in what respects the parasite 
differs, in its mode of life, from a green plant, and in what respec 
It resembles an animal parasite such as ascaris. (L.G.S.) 
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12. Describe the structure and reproduction of any mould or 
mushroom. Point out in what respects its nutrition differs from that 
of a green plant. (B.) 

13. Give an account of the circulation of carbon in nature, and 
describe simple experiments which may be performed to illustrate 
the facts. (L.G.S.) 

14. What b a saprophyte? Give a careful account of any sapro* 
phytc you have studied, and compare its mode of nutrition with that 
of a typical parasite. (L.G.S.) 

15. What b a parasite? How does a parasite differ from a sapro> 
phyte? Give an example of each, with a very brief account of its 
mode of life. (L.G.S.) 

16. Compare the method of nutrition of a simple alga such as 
Spirogyra with that of a simple fungus such as the yeast plant. In 
what kind of places would you look for each in nature? {C.L.) 
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PART IV 

SENSITIVITY AND CO-ORDINATION 

CHAPTER XVII 

REGULATION AND SENSITIVITY. THE NERVOUS 
SYSTEM OF INVERTEBRATE ANIMALS 

The nervous system. We have seen that food-getting is the 
first task of every animal; somehow or other it must get 
food or perish. We know that it cannot, as a rule, expect food 
to come to it, but must go out and actively seek it. Hence an 
animal is a more active creature than a plant; it is locomotory, 
not sedentary; a food-user, not a food-maker. The higher 
animal has a body of complex structure with much specializa- 
tion and division of labour between its various parts. This 
specialization makes some method of co-ordination essential, 
so that its many organs may work in unison. Such co-ordina- 
tion is the work of the nervous system, and of definite sense 
organs which make that system aware of events taking place 
in the outside world. Eyes and ears, for example, ‘tell’ the 
brain what is happening outside the body, warn the animal 
of danger, and guide it in its search for food. 

We turn now to examine the nervous system in a few typical 
animals. As we ascend the scale from the simpler to more 
complex types, we find an increasing elaboration of the 
mechanism, such as was revealed by our study of digestive 
organs. The nervous system shows every transition, from the 
mere occurrence of certain specialized nerve-cells scattered 
irregularly among the other cells of the body (cp. Fig. 33) 
the complex structure of the human brain, spinal cord, and 
nerves, with the accompanying sense organs. 

NERVE-CELLS. What are the special features of nerve-cells. 
They are always cells with large nuclei but of quite indefinite 
shape, for from the main body of the cell a number of fine 
outgrowths of the protoplasm, called dendrites, arc given o 
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(cp. Fig. 33). These pass beUvecn one nerve-cell and another, 
so that they are all linked together by a network of protoplas- 
mic threads; hence a stimulus which affects any one of the 
cells can be quickly transmitted to every other member of the 
system. 

In the higher animals the nerve-cells take the form of neurons 
(cp. Fig. 6 D), Such cells have, in addition to the dendrites 
already described, a much longer process called an axon 
(certain cells may have more than one axon). A nerve is 
simply a bundle of these axons. 

Let us now study the arrangement of the nerve-cells in 
certain selected animals. 

ANIMALS WHICH HAVE NO NERVOUS SYSTEM. To bc SCnsitivC 

to Stimuli is one of the most characteristic properties of proto- 
plasm, and in the simplest animals, as in all plants, there is 
nothing more than this. They have no specialized apparatus 
for receiving the stimulus or for passing it on from one part of 
the body to another. An amoeba can perform movements of 
locomotion, and is vaguely sensitive to its immediate environ- 
ment. It can distinguish between certain stimuli, for it will 
ingest a tiny diatom, but not an inorganic particle of similar 
shape and size. Yet it possesses no sense organs and no nervous 
system. The whole of its protoplasm is diffusely sensitive 
to various stimuli and capable of making certain simple 
responses to them, 

A DIFFUSE NERVOUS SYSTEM. In somc animals we find nerve- 
cells scattered among the other cells of the body; Hydra has 
reached this stage of development (cp. p. 147). These cells are 
connected by their dendrites both with one another and with 
the body-cells, especially with certain sensory cells in the 
ectoderm, and by means of tliis network of protoplasmic con- 
nexions stimuli are rapidly conducted from one part of the 
body to another (cp. Fig. 33). 

on water fleas (Daphnia), living 
creatures which can move very quickly, as you will find if you 
try to catch one in the aquarium. The tentacles of Hydra, the 
nernatocysts with their whip-like lassos which are shot out 
at the ‘flea* (cp. Fig. 33), the movements of the whole body by 
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which the food-capturing apparatus is directed at the victim- 
all these must work in harmony if so active a creature is to be 
captured. Further co-ordination is necessary for its digestion; 
enzymes must be secreted at the right moment, and so on. 
In short the Hydra, small animal as it is, is capable of complex 
activities in which all parts of its body act in concert, and its 
network of nerve-cells, with protoplasm specialized to transmit 
stimuli, makes for rapidity and ease of combination. 

A CENTRALIZED NERVOUS SYSTEM. In the higher animals we 
no longer find scattered nerve-cells; they are grouped together 
to form a central nervous system, from which bundles of axons 
(i.e nerves) pass out to more distant parts of the body. Just 
as an army is controlled from head-quarters, so that the move- 
ments of all its units can be properly co-ordinated, so the 
animal body is controlled by the central nervous system. An 
army uses telephone wires as one means of communication 
between the head-quarters staff and the units in the field. In 
the animal body nerve-fibres represent the telephone wires, 
and impulses are continually passing to and fro along these 
fibres between the central nervous system and the body-cells. 
The activities of the body are thus controlled and can all be 
directed to the accomplishment of some particular purpose.* 

This method of control is most highly developed in verte- 
brate animals. Their central nervous system consists of brain 
and spinal cord, from which nerves pass to every organ of the 
body. Some of the nerve-fibres carry impulses outw'ards from 
the central nervous system to the other organs, others carry 
them from those organs to the central nervous system, for, 
unlike the telephone wire with which we have compared it, 
a nerve-fibre does not conduct impulses in both directions. 
We shall return to this subject in the next chapter (cp. p. 220). 

THE NERVOUS IMPULSE. What is it that travels along the nerve- 
fibres in this way; what corresponds to the electricity in the 
telephone wire? This is a question to which we can, as yet, 
only give an imperfect answer. By suitable experiments the 
impulses can be timed. They move quickly, though not as 

* There is also a system of chemical control by means of hormones. This 
b dbcussed more fully on p. 225. 
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quickly as an electric current, the rate being about 8o miles 
an hour in the frog, over 200 miles an hour in man. 

But what travels along the fibre we do not know. We know 
that the fibre produces more carbon dioxide as a result of the 
passage, and so we may con- 
dude that its rate of respira- 
tion is increased (cp. p. 265). 

We know also that certain 
electrical effects accompany 
the passage of an impulse, 
and that minute amounts of 
heat arc liberated. These 
electrical effects can be am- I 
plified by an arrangement | 
similar to that used in a wire- | 
less set, so that each impulse * - 

passingalongthencrvecauscs Nervous system of earthworm 

a ‘cracking’ noise in the loud- (anterior portion only shown) 
speaker. By this method in- 
vestigator have learned that on the intensity of a stimulus (i.c. 
whether it is strong or weak) depends the number of impulses 
passing per second along the nerve-fibre. Strong pressure on 
one touch organ, for example, wiU cause a large number of 
impulses to pass; a very light contact gives rise to far fewer. 

Our knowledge of nervous action is rapidly growing, but 
the exact nature of the nervous impulse still eludes us. 

THE CENTRAL NERVOUS SYSTEM IN INVERTEBRATE ANIMALS. In 

many of the higher invertebrates, c.g. many worms, insects, 
c^stacea, &c., the nervous system is formed on the same plan 
It IS always ventral in position, and consists of a double chain 
of ganglia (swelhngs containing nerve-cells), linked together 
by nerve-fibres (cp. Figs. 36 and 86). From the gangUa fibres 
also pass out to the various organs of the body; fhesf bundles 

ri P="Ph<=ral nerves. Such a system is shown 

whkh tfe <>f “n earthworm in 

been displayed. We notice: 

W A pan- of ganglia, caUed cerebral or supra-oesophageal ganglia. 
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placed above the alimentary canal, i.e. dorsal in position, and at the 
head end of the body. 

(b) Two nerves (commissures), which surround the pharynx. 

(tf) Two ganglia into which these pass; these sub-ocsophageal 
ganglia lie just underneath the anterior end of the pharynx. 

(d) A double cord of nervous tissue, which runs the whole length of 
the body in the mid-ventral line and has a pair of ganglia in each 
segment. 

(e) Three pairs of peripheral nerves, which pass from the central 
cord to the various organs in each segment (cp. Fig. 53). 

Exercise. Examine and draw a dissection of a cockroach in which 
the nervous system has been displayed. Observe: 

(tf) The large supra-oesophageal ganglia — sometimes called the 
‘brain*. From these nerves pass to the eyes, the antennae, &c. 

(b) Two commissures surrounding the pharynx. 

(f) Two sub-oesophageal ganglia. 

(d) The double ventral cord of nervous tissue, which, just as in the 
earthworm, runs nearly the whole length of the body. There are 
nine ganglia, corresponding to the first nine segments behind the 
head, i.e. three are thoracic, six abdominal. 
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similarity in general plan between thc nervous systems of thc 
earthworm and the cockroach. This double ventral cord of 
nervous tissue which is so characteristic of the higher inverte- 
brates affords a very strong contrast with the dorsal, hollow 
tube of nervous tissue found in vertebrate animals. 

SENSE ORGANS IN INVERTEBRATES. EarthwOrmS 

obvious sense organs, yet they react quickly to light and to 
vibrations. They probably have some sense of taste and smell 
(cp. p. 229). All such stimuli are transmitted from sensory 
cells in thc epidermis to thc central nervous system through 

the fibres of the peripheral nerves. 

Many invertebrates, however, have more obvious sense 
organs than has the earthworm. On the head of the cockroac » 
for example, wc observe a pair of large, compound eyw, cactt 
segment of which can form an independent image (cp. Figs. 35 
and 64). On thc antennae there are simple organs of touc 


and smell (cp. p. 229). _ _ 

Many insects arc active and ‘intelligent creatures. 


Bees, 
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ants, butterflies — what different and highly skilled tasks these 
creatures perform, efficiently, and apparently without previous 
training (cp. Chapter XXXVI)! All such activities are con- 
trolled and directed by means of a nervous system of the 
type described, aided by special sense organs which inform the 
nervous system of events in the external world. 

We turn now to the nervous system of vertebrates, to brain 
and spinal cord, and to those specialized sense organs with 
which we are already familiar, since we ourselves possess them. 

QUESTIONS ON CHAPTER XVII 

1. What is a nerve-cell, and what are its functions? Describe and 
give diagrams of a nerve-cell of (a) Hydra, {b) a vertebrate animal. 

2. Describe how Hydra moves from place to place, and how it 
obtains and digests its food. Explain how these various activities arc 
co-ordinated. 

3. Describe the nervous system of the earthworm. What do you 
know of (a) the way in which this animal moves, (i) its reaction to 
s^uli ? Point out what evidence there is, in its method of locomo- 
tion, of co-ordination between the various parts of its body, 

4. How^ far can it be said that there is a differentiation of parts 

or organs in Amoeba and Hydra? Compare these two types in this 
respect. (C.L.) 

/.-?* “ * hydra more specialized than an amoeba? 

(Ox.L.) 
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Fio. 54. Diagram of the human brain in silu, viewed from one 
Bide. The cerebral hemisphere (only one is visible) is white, the 
cerebellum coarsely shaded. The medulla is continued into the 
spinal cord. Other parts of the brain are concealed by the large 

cerebrum. . , 

Motor ottos M I. Toes. 2. Foot. 3* Calf. 4* 5* ^ 

men. 6. Chest. 7. Back. 8. Shoulder. 9. Upper a^. 10. 
Forearm, ii. Wrist. 12. Fingers. 13. Neck. 14. Eyelids. I5« 
Cheek. 16. Jaws. t?. Lip». *9- a®* Jonguc. 

Sensory areas. 21. Hearing. 24. Vision. 18. C®-ordination of 
speech muscles. 22, 23. Co-ordination of speech and thought. 

(After Huxley and Starr) 
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CHAPTER XVIII 

REGULATION AND SENSITIVITY (continued) 

THE NERVOUS SYSTEM OF 
VERTEBRATE ANIMALS 

Animals possessing a brain. Many invertebrate animals— c.g. 
earthworms, cockroaches — have a central nervous system, but 
they have no real brain. In the vertebrate group the brain is the 
seat of all the higher faculties, such as memory, consciousness, will, 
and intellect. Further, these animals possess highly specialized 
sense organs, which give them very detailed knowledge of their 
surroundings. A hydra is sensitive to light, i.e. it distinguishes 
between light and darkness, and will move towards the light 
side of an aquarium which stands in shadow. But how much 
less perfect is this ‘vision’ than that of the reader of this page! 
Acute vision of actual objects in all their manifold variety, and 
the ability to follow such objects with the eye as they move, is 
one of the most valuable endowments which any animal can 
possess to equip it in the struggle for existence. Certain inverte- 
brate animals have eyes, notably the insects (cp. Fig. 86). But 
the fullest development of this faculty of vision only comes with 
that co-ordination of eye and brain which is found among 
vertebrate animals. Eyes to see with, cars to hear with, a nose 
to smell with, and a mouth to taste with are among the many 
advantages possessed by the higher animals. These delicate 
organs are all controlled by the nervous system. Much of the 
control is automatic; every animal performs an enormous 
number of unconscious actions which continue during sleep, 
during a faint, even during the deep unconsciousness caused 
by an anaesthetic. Many activities, on the other hand, are 
comcious and deliberate; they are controlled by the will and 
influenced by reason and memory. Let us now see how all 
these acuons, both the conscious or voluntary ones, and the 
unconscious or rejlex ones, are directed by the central nervous 



THE CENTRAL NERVOUS SYSTEM 

BRAIN AND SPINAL CORD. In all vcrtcbrates the nervous system 
is formed on the same plan. It consists of a hollow tube of 
nervous tissue forming the brain and spinal cord, the brain 
representing the specialized and highly developed anterior end 
of the cord. 

The unit of which this system is composed is the neuron, 
a cell of very characteristic form (cp. Fig. 6D). In the brain 
these cells lie chiefly near its surface, where they form the grey 
matter or cortex of the brain ; the fibres (axons) arc in the centre, 
forming the white matter. These conditions are reversed in the 
spinal cord, the neurons being internal, the fibres (white 
matter) external. 

The whole structure is dorsal in position, and is encased in 
bone, the brain lying in the cavity of the skull, the spinal 
cord in the vertebral canal, a tube which penetrates all the 
vertebrae. 


Exercises 

Examine a dissection which displays the brain and spinal cord of 
a vertebrate animal; c.g. dog-fish, frog, rabbit, &c. 

Examine any skulls which are available, c.g. frog, rabbit, dog, an 
man. Notice the brain-case (cranium), and the large hole (foramw 
magnum) at the base of the skull, through which, in life, the br^ 
continues out into the spinal cord. Notice the increase m size 
(capacity) of the skull cavity as we pass from lower to higher forms. 

Examine mounted skeletons of the frog, rabbit, and man, ana 
notice the separate vertebrae which form the backbone (q>. *P. 

4,127,132,135). Count the bones. There arc 9 separate vertebrae and 

a long, unsegmented urostylc in tlic frog. The *'®^^** ^ ^^Ttail 

vertebrae, of which the last 16 arc very small; they 
In man, there arc 29 separate vertebrae, and four f 

ones which arc fused together to form the Uil-piecc or coccyx (cp. 

Draw one of the lumbar vertebrae of a rabbit and label 
centrum, on which the spinal cord rests, the much 
arch arising from it, and the canal (vertebral foramci^, 
centrum and neural arch, through which the spmal cord paM«. 
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THE BRAIN, ITS STRUCTURE AND FUNCTIONS. In thc brain, 
which is the specialized anterior end of thc spinal cord, wc 
may distinguish three parts: 

(<i) The fore-brain and cerebrum (cerebral hemispheres). 

(b) The mid-brairiy whose roof consists of conspicuous optic 
lobes. 



Olfactory 

Cerebral 
hemispheres 

Optic Lobes 

Cerebellum 

Medulla 
obLonyata 

Spinal cord 


Fore- 

brain 



Hind^ 

brain 


Fio. 55. 


Vertcdrate Brains, viewed dorsally. A. Frog’s brain 
B. Rabbit’s brain. (After Wiedersheim) 


(0 The hind-brain, consisting of the cerebellum and medulla 
oblongata. 

It has been found possible, partly by experiment and partly 
by medical observation of thc clTccts of injury and disease to 
find out a great deal about thc fiinctions of the various parts 

Let us look at some of thc most important of 

THE CEREBRAL HEMISPHERES. In the lowcst vcrtcbratcs this 
part of the brain is very poorly developed, but as wc pass up. 
wards it becomes increasingly important; the number of cells 
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Fio. 56. Diagram sho^vmg the general arrangement of the brain, 
cord.lnd some of the ner^■es in man. A. Cercbr^ 
beUum. C. Spinal cord. D. Nervea of thorax E. G. N 

H. Nerves of leg issuing from spmal cord. I. SciaQC nerve eg 
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in the cortex grows larger, the surface of the hemispheres 
becomes convoluted, so that more and more cells can be 
accommodated. In such animals the cerebral hemispheres are 
the chief co-ordinating centres: they arc the site of all voluntary 
actions and of all conscious sensation. With them are associated 
intelligencey memory ^ and the emotions; in short, all those higher 
activities \vhich distinguish man from the animal, and the 
higher animal from those lower in the scale. The less well 
developed the cerebral hemispheres, the less intelligent and 
teachable does that animal prove to be. Even in birds (whose 
lives are so largely governed by instinct), it is the primitive 
fore-brain rather than the cerebral hemispheres which con- 
trols many of their activities (cp. p. 503). The brains of man 
and of other mammals have been very intensively studied, 
and we can now locate various areas of the cerebrum which 
are concerned with special activities (cp. Fig. 54). Thus, there 
are motor areas which can be subdivided fairly accurately into 
those controlling the arms, legs, and so on; visual areas — if 
these are injured the creature is blind, although his eyes arc 
perfect; speech areas, injury to which prevents the patient from 
speaking, and so on. 

Of all the striking activities connected with the cerebral 
hemispheres, perhaps none is more important than the ability 
to learn from experience. 

THE CEREBELLUM. The work of the cerebellum is not so well 
understood. One important function is apparently to co- 
ordinate movement, making possible concerted action between 
the various muscles. The human being has about five hundred 
muscles, and when we walk, skip, or jump, &c., we use most 
of them; to bring all their movements into harmony is the 
work of the cerebellum. The conscious impulse which makes 
us want to walk, skip, or jump originates in the cerebral hemi- 
spheres. They give the command ; but, without the cerebellum 
to co-ordinate all the necessary movements by a large number 
of refiex actions, the impulse cannot be obeyed. When the 
human cerebeUum is diseased the movements become jerky 

and clumsy, the walk uncontroUed, like that of a drunken man : 
even the speech is affected. 
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THE MEDULLA OBLONGATA. This part of the brain contains 
the nerve centres which automatically control respiration, 
circulation and the heart-beat, movements of the digestive 
organs and of swallowing, gland secredon, and many other 
unconscious activides. 

In the structure of the brain one last feature must be noticed. 
It is divided into right and left halves, and many of the aedvi- 
ties of the left side of the body are controlled by the right side 
of the brain, and conversely. This is because many fibres, in 
their course within the central nervous system, cross over from 
one side to the other. Hence pain, &c., on the right side of 
the body is recognized by the left side of the brain, and vice 
versa. 

Exercise. Examine and compare the brains of a frog and a rabbit 
(or sheep). Notice the division, in both cases, into fore-, mid-, and 
hind-brain, also into similar right and left halves. Identify the 
cerebral hemispheres, the cerebrum (very small in the frog), and the 
medulla oblongata (cp. Fig. 55). 

THE SPINAL CORD AND SPINAL NERVES. Thc Spinal COfd 

extends from the medulla oblongata nearly to the end of thc 
backbone, passing through the bony vertebral canal. Like thc 
brain, it consists of grey and white matter, but here the grey 
matter, which contains most of the nerve-cells, is intern^. 
Bundles of fibres pass out from the cord, while others run in 
the cord itself, linking its cells with one another and with 
those of the brain. 

The fibres passing out are a part of thc pertpheral ^stem. 
They arc very regularly arranged, corresponding in numbtf 
to thc vertebrae. (Both vertebrae and spinal nerves exhibit 
mctameric segmentation; cp. p. 152.) Thus there are 31 paiis 
in man, about 40 pairs in the rabbit, only 10 in a frog. Eac 
nerve arises from the grey matter of thc cord by two roots, a 
dorsal and a ventral (cp. Fig. 57). Fibres of the ventral root 
carry impulses outwards from the central nervous system to 
the effector organs. These fibres are called motor became many 
of them control movement of muscle. The fibres of the o 
root are sensoTy^ and carry impulses from the receptor organs 



flat 
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(cp. p. 228) to the cells of the central nervous system. On 
each dorsal root there is an enlargement called a ganglion, 
which also contains nerve-cells. 

THE CRAhOAL NERVES. The peripheral nervous system of 
vertebrates consists not only of spinal nerves, but, in addition, 
of certain cranial nerves, of which ten pairs pass out from the 



Fio. 57. Diagram ihowing the spinal cord (in transverse iection) and the 
root, dorsal and ventral, of the spinal nerves. The nerve-cells are indicated 
as black dots, their fibres as lines. The grey matter of the cord b dotted 


brain in all vertebrates (except mammals; these have twelve 
pairs). Wc number these cranial nerves in the order in which 
they anse (I-X), beginning from the front end. Many 
^e connected with the organs of special sense— nose (smells 
(i), eya (2) ears (8). These nerves are purely sensory, con- 
veying impulses to the brain from the three great sense-organs. 
Ihrcc (3, 4, and 6) are purely motor, controlling the muscles 
by which the eye is moved in its socket. The remainder (5, 7, 
9). which arc the nerves of face, jaws, neck, tongue, teeth, ^c! 
arc mixed, containing both sensory and motor fibres The 

n«k^h 1 "T*" ^^**'** the region of head and 

" wanderer. 

It sends fibres to the heart, lungs, stomach, &c. 
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FUNCTION OP NERVES. REFLEX ACTION. Ncrvcs are the paths 
along which rapid impulses pass to and fro between the body 
cells and the cells of the central nervous system. Some body 
cells are specialized to receive stimuli; these arc the receptor 
organs, c.g. touch cells; others to respond to a stimulus; these 
are the effector organs, usually muscle or gland cells. The nerves 
link these organs through the central nervous system. For 
example, if we touch a hot poker, an impulse passes from each 
group of sensory receptor cells in the part of the skin thus 
stimulated, along the sensory fibres of the appropriate spinal 
nerve, into the nerve-cells of the ganglion, and thence, via the 
dorsal root, into the spinal cord (cp. Fig. 57). The cells thus 
stimulated now send an impulse outwards (along the motor 
fibres of a nerve) to the muscles of arm and hand. As the 
result of all these activities certain muscles contract, and \vc 
drop the poker before any impulse has reached the brain, and 
hence before we are conscious of the injury (cp. Fig. 58). 

Such automatic and unconscious actions are called reflex 


actions. 

CONSCIOUS ACTION. Meanwhile the effect of the stimulus has 
reached the higher centres of the brain, travelling through 
fibres in the cord itself. Directly it readies these cells our 
behaviour becomes very different. We feel pain. Perhaps \vc 
tell ourselves how foolish we were not to realize that the poker 
was hot. Perhaps we expostulate with some one for leaving it 
in the fire. We may become anxious lest the noise of its falling 
has wakened the baby. We probably go off to find a bandage 
and the picric acid with which to assuage the pain. 

All this is conscious behaviour and is much more elaborate 
and individual than is the simple reflex which made rop 
the poker. Such reflexes we share with the animal, but no 
animal has learned to apply a bandage to an injured member. 
As we have already seen, this learning is one of the grea 


functions of the cerebral hemispheres. 

THE SIMPLE REFLEX ARC. Many of thc movcmcntt o o 
body, e.g. the blinking of the eyelids, the alterauon o e si 

of the pupil, coughing, sneezing, scratching 

jumping when alarmed or surprised, are quite involuntary. 
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Such processes, which begin with an external stimulus and 
end in an involuntary action, e.g. a muscular contraction, arc 
called reflex. In a simple spinal reflex the route by which the 
impulse travels is shown in Fig. 58. It is: Sense cell (receptor 
organ) -^sensory nerve-fibre neuron in spinal ganglion^con- 
necting or association neuron in spinal cord motor neuron 



Fio. 58. Diagram to illustrate the course of the nerve 

impulses in a reflex action 


in cord->motor nerve-fibre -^muscle (effector organ). This 
h^re also shows how the actions of two opposing muscles arc 
co-ordinated m such a reflex, one contracting while tlie other 


Exercise. Sit with the legs crossed, one knee over the other and 

unec cap. Quite involuntarUy you jerk the leg outwards. 

mBORN AND ACQUIRED (CONDITIONED) REFLEXES. This knCC- 
jerk IS a simple spinal reflex; it is quite automatic- the same 
Umulus always calls forth the same response. A great deal of 
nei^ous control of the animal body U brought fbourby 
the bnktng up of simple reflexes. Many such refiexerare 
bom. Many others are learned during the life of the animal. 
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A baby has to learn to walk upright, to talk, to write, &c. 
Watch an infant’s first tottering steps, and compare its move- 
ments with those of a trained athlete — a runner, for example. 
Or compare the first clumsy attempts at writing with the 
beautiful penmanship seen in medieval manuscripts. From 
such examples we learn how great is the human capacity for 
learning to co-ordinate movements. Many things which we 
seem to do automatically have at first to be painfully learned, 
and constant repetition can make even the most skilful actions 
largely reflex. If we practise anything long enough, whether 
it be steering a bicycle or playing a Beethoven sonata, we find 
ourselves almost able to *do it in our sleep*, as we say. The 
cells involved have become so intimately linked that the im- 
pulses, once started, follow the accustomed paths almost 
automatically. 

In these cases it must be the accustomed path. All the 
members of a school were asked to write out the words of a 
song which they were learning to sing for a special occasion. 
Several pupils were quite unable to write the words, yet knew 
them perfectly when allowed to sing them. You probably 
know many examples of tlie same phenomenon. Perhaps you 
must start from 1066 to find the date of one of the English 
kings. Or from the beginning of the multiplication tabic to 
find the value of 9X7? Considerations such as these make 
us realize how automatic oft-repeated actions may become. 
They become habits. 

HABIT-FORMATION AND ITS IMPORTANCE. AH through OUF UVCS 

we are acquiring new habits in this way. From what has een 
said it is obvious that we can influence their formation, in- 
hibiting bad ones, and encouraging useful ones. 

In this way we can control that delicate mechanism, om 
nervous system, which presides over so many of our boduy 

activities. 


‘Could tho young but realize how .oon they """t 

walking bundles of habits, they would give more heed . 

duct wWle in the plastic state. We are spinning 

or evil, and never to be undone. Every smallest stroke of virtue or 

vice leaves its ncvcr-so-little scar. • • • 
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*, . . Among hU nerve cells and Hbres the molecules are counting it, 
registering it, and storing it up to be used against him when the next 
temptation comes. Nothing we ever do is, in strict scientihc literalness, 
wiped out. Of course, this has its good side as well as its bad. As wc 
become permanent drunkards by so many separate drinks, so we 
become saints in the moral, and authorities in the practical and 
scientific spheres, by so many separate acts and hours of work.* 
(James, P^'chology.) 

One of the many useful lessons that the study of biology is 
impressing on mankind is that we have considerable power of 
controlling our own development, both physical and mental. 


THE AUTONOMIC NERVOUS SYSTEM 


A DOUBLE NERVOUS CONTROL. Most Organs of the vertebrate 
body have a double control. In addition to the central nervous 
system with its brain, spinal cord, and peripheral nerves, there 
is in these animals a second autonomic nervous system which is 
mainly motor. One part of this system consists of a double chain 
oi ganglia containing nerve-cells, with nerves arising from them. 
Some of these nerves pass into the central nervous system and 
connect it with the autonomic system; others pass out to the 
viscera, to gut, glands, and indeed to most parts of the body. 
We have, as yet, very imperfect knowledge of the work of the 
autonomic system. It regulates the heart-beat, the size (calibre) 
of the arteries, the secretions of glands, and tlie movements of 
the gut, among its many other functions. 


HORMONES. In addition to this nervous control there is as 
has recently been discovered, a chemical method of co-ordi- 
naung the work of different organs by means of hormones 
(cp p. 210) These are substances (internal secretions) which 
arc formed by one organ, throtvn into tlie blood-stream, and 

««t'a no“ ' >^°dy, on whose activities they 

For example, when food entet 4 

£ wln,^ wT’ " i!"’ hormone, b formed by 

subrmn*!-' course of the circulation thb 

in^iLcd ■* stimulates that organ to 

inCT^ed acuvity; more pancreatic juice b formed and 
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digestion in the intestine is thus facilitated. Secretin also 
stimulates the flow of bile from the liver. 

The action of other hormones is described on pp. 358, 387. 
New ones are constantly being discovered, and their great 
importance in the control of the body’s activides is being in- 
creasingly realized. 

THE CONTROLLINO MECHANISM. A SUMMARY. Wc sec that Verte- 
brate animals possess very highly developed controlling and 
co-ordinadng mechanisms, both nervous and chemical. Every 
nerve-fibre is connected with a nerve-cell, and if the fibre is 
separated from the cell it soon dies. Such fibres cannot 
transmit nervous impulses; the power of transmission depends 
on the fibre being alive. 

The central nervous system, with its cells and fibres, is the 
seat of all those higher aedvides which we call mind. 

QUESTIONS ON CHAPTER XVIIl 

1. Of what parts is the nervous system of a vertebrate animal 
composed? Give a short summary of the fimedons of the various 
parts. (L.G.S.) 

2. What is a reflex action? Give a diagram of a reflex arc, and 
give three examples of simple reflexes, stating the exact path of the 
nervous impulse in each case. (L.G.S.) 

3. Give some account of the structure and functions of the spinal 
cord. 

4. Describe, giving fully labelled dia^ams, the brain and spmal 
cord of a mammal, and state their function concisely. (L.G.S.) ^ 

5. Describe the structure of the brain of a mammal, and give a 
concise account of the function of its various parts. What do you 
know of the way in which wc discover the functions of so complex 

an organ? 

6. Explain how the various parts of a vertebrate ammal are put 

into communication by the nervous system. (C.L.) .u » 

7. What are thespecial functions ofa nervous system? Desenbenot 

more than three experiments illustrative of reflex acdon. (Ox. « •) 

8. What is meant by a ‘reflex acdon’? Quote one example, giving 
a full account of the processes that take place in 

contrast such animal acdon with some one tropism exhibited by 

plants. (L.G.S.) 
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CHAPTER XIX 


SENSITIVITY AND SENSE ORGANS 


Organism and environment. AU through life there is a 
constant interplay between the organism and its environment, 
a constant adjustment of the organism to that external world 
from which its food, &c., is obtained. Sense organs arc tlic 
intelligence agents by which animals (and even plants) receive 
stimuli from the external world. Such organs vary from simple 
unicellular structures, on the one hand, to complex organs like 
the human eye and ear, on the other. Our task is now to study 
these structures in more detail; each type is generally sensitive 
to one kind of stimulus only. 

MUSCLE SENSE. With arms hanging down, shut your eyes; 
now put your hands out in front and bring your two index 
fingers together. You can do this very accurately and you 
know exactly what you have done. But how? Because of 
simple receptor organs in muscles, tendons, and joints. There 
arc nerve endings on the sensory cells; these cells arc stimu- 
lated by each change of position and the stimuli, passing 
along the nerves into the central nervous system, tell it which 
muscles you have contracted and which relaxed, what pressure 

there is in your various joints, and what bony surfaces are in 
contact. 


Such generalized senses arc among the most important in the 

whole body. They keep the central nervous system infoimcd 

of what IS going on in the outlying organs and so arc essential 

to the co-ordinauon of muscular movements. They play an 

important part, for example, in the maintenance of the met 
position. 

SMar generalized senses, of which hunger and thiret are 

P''““‘ in all multicellular 

animals. They may be called tnUrnal sense organs, for they 
report on what is going on inside the body. ^EnleZ 

a^am, on the other hand, make the creature aware of what is 
taking place m the outside world* 

THE SENSE ORGANS OP THE HUMAN SKIN. In OUT skin WC 
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possess many receptor organs for appreciating touch (contact), 
pressure, temperature, and pain. They are fairly simple struc- 
tures, found all over the skin, though their distribudon is by 
no means uniform. For temperature we have both hot and 
cold spots, the latter being about four dmes as numerous as 
the former. 

Experiment 66. Take three basins of water, one as hot as the 
hand can bear, one lukewarm (about body temperature), and one 
cold. Put your right hand in the hot water and your left in the cold, 
keeping them there for a few minutes. Now plunge both hands into 
the lukewarm water. To the right hand it appears cool, while to the 
left one it seems warm. 

We learn that our temperature sense is very reladve, and it 
is common knowledge that some of our other senses are relative 
too. If, for example, we have been sitting in the dark for some 
time, the sudden switching on of a bright light may make us 
temporarily almost blind; we all know what trouble this 
‘dazzle* may cause to those who use the roads at night. Yet 
the same light switched on in daylight is hardly visible. Hence 
the old wives’ tale that the sun puts out the fire. 

Similarly, after eating sweets our tea may seem to be un- 
sweetened ; yet the same tea will taste quite sweet if taken after 
a savoury. Many other instances of this relativity of our 
sensations will occur to the thoughtful reader. 

For touch there are touch spots in the skin, and the following 
experiment shows how much their distribution may vary. 

Experiment 67. Take a pair of dividers, and adjust the points so 
that they are about a mm. apart. Press them tightly on the finger; 
two separate points are felt. Repeat this on the back of the neck, 
only one point can be felt. Now adjust the distance between the 
points, and find the minimum distance apart at which they can jmt 
be felt as two separate contacts. This distance is about 1 mm. for 
the skin of the finger-tip, about 7 mm. on the back of the neck. 

There are far fewer touch spots in the skin of the neck than in that 

of the finger-tips. 

This sensitiveness to contact is characteristic of all animals from 
Amoeba upwards; indeed even plant organs may respond to 
this stimulus (cp. p. 256). Most multicellular animab (meta- 
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zoa) possess sensory cells which receive the contact stimulus. 
Hydra, for example, has cnidocils (cp. Fig. 33) ; if one is 
touched it transmits the stimulus to the cnidoblast, the cell 
contracts, and the ‘lasso’ is ejected. 

The earthworm has sensory cells scattered throughout its 
epidermis; they are specially abundant in the head region. 
From each a minute hair, which receives the contact stimulus, 
projects on to the surface of the body. 

In animals belonging to the Arthropod group (e.g. crayfish, 
insects, spiders, &c.), which are covered externally by a hard 
shell or exoskeleton, the touch cells are more concentrated, 
being found only at certain definite points. These animals 
usually have one (insects) or tu'o (crayfish) pairs of long feelers 
or antennae, which are organs of touch and frequently also of 
smell (cp. p. 230). VVe believe that ants, bees, and other social 
insects communicate with one another by means of this sense 
of touch, just as blind men do (cp. p. 491). Cells sensitive to 
contact may be found in other parts of the insect body, such as 
the joints of the legs, for example, and on the proboscis (e.g. 
cabbage white butterfly). 

TASTE AND SMELL are two Special senses possessed by most 
animals. The two are closely ^n, both being chemical senses 
dependent upon the presence of particular substances in direct 
contact with the receptor organs. Even in man, much of what 
we call taste is really smell, and we may often drink the most 
unpleasant medicine without tasting it if we hold the nose 
unul It IS swallowed, i.c. if we prevent ourselves from smelling 
It. In these circumstances even an onion and an apple taste 


‘“T'.'' «P«iMly with invertc 

brates, it u not always possible to discriminate between these two 

IWn“,h “ ''hemotactic- sense. 

Darwtn showed by experiment that worms will pick out onion and 

« cry from other vegetable matter, exhibiting a marked m^e 

for these substances. This suggests that they may have some sense of 

S' .'r <==T=riments have “^oitTati^ 

' “'nsas exist m many lowly forms of life. 

SmeU u very acute in many of the lower mammals. To the dog 
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world of sense is pre-eminently a world of smells, and his natural 
instinct is *to follow the scent* of the creature he pursues for food. 
It is also apparently very acute in many insects. In one experiment, 
for example, certain butterflies came for miles to the window of a 
room in which were some females of the species, which had been 
bred for experimental purposes by a Swiss scientist. They were so 
numerous as to arouse the attention of the passers-by, and yet there 
was no smell detectable by any h um an being. 

In common with all mammals human beings have special 


Sznsory hsirs which 
receive the stimulus 



foitheliH 


Sensory cetls^^Sensory nerve fibre 
Supportiny on which the conveying impulse to the 

ceUs nerve ends central nervous system 

Fio. 59. The structure of a taste bud in a vertebrate animal 


olfactory cells in the membrane lining the nose. They end in 
fine hairs, and if these are stimulated by certain vapours an 
impulse is set up which passes, by sensory nerve fibres of the 
olfactory nerve, to neurons in the brain. 

For taste, mammals possess special taste buds^ groups of cells 
in the lining of the mouth (cp. Fig. 59). Projecting from these 
cells into the mouth cavity are taste hairlets which come into 
direct contact with the food; a stimulus is imparted to them, an 
impulse passes from the taste cells to sensory nerve fibres 
which end on the bud, and is thence conveyed to the ‘taste 
neurons* of the brain. 

Experiment 68. Wash out the mouth with water, dip a glass rod 
into granulated sugar, and touch the tip of the tongue. No sensation 
of sweetness is experienced until the sugar has dissolved (taste cells arc 
only stimulated by substances in solution). 
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Wash out the mouth again and touch the back and sides of the 
tongue. The tip is most sensitive to sweets. Repeat the experiment 
with something bitter, like quinine. The back of the tongue is sensitive 
to bitters. 


Herlstematic 
tissue of the 
root, where 
new ceils ore 
bein^ formed 



Statocytes of the 
'root cap containino 
moveaoLe starch 
grains (statoOth^ 



Fio. Thb Reaction op a Root to Gravity. 1. The root-cap and the 
gravity-percepuon organ, a. A. Showing the effect of cutting off the root- 
cap on the root s response to gravity. B. The response in the same time of 

an uninjured root 

There are four primary tastes, sweet, salt, sour (acid), and 
bitter, and by suitable experiments we can find special spots 
lor rcgistcnng each of these flavours. 

G^TTY-PERCEF^ON ORGANS. Gravity is a force to which 
aU hving Aings, plants and animals alike, are exposed. They 
generally have some sense of their position in space, and many 
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possess special organs by which the stimulus of gravity is 
received. 

There is a great similarity between all such organs, wherever 

they occur. Essentially a gravity-perception organ consists of 
two parts; 

1. Tiny solid particles (statoliths or otoliths) which are free 
to move. 

2. Sensitive protoplasm on which they impinge. 

With every change in the position of the organism the pressure 



A B 


Fio. 6i. Statocyst PRoy Crayfuh. A. External view. B. 
Wall of leg-joint cut away to show the sense organ (more highly 

magnified than A) 


of these solid particles falls on a different part of the sensitive 
protoplasm, so that each movement produces a new stimulus. 

Even in plants (mosses, ferns, flowering plants, &c.) we often 
find groups of cells which contain movable solid bodies, usually 
starch grains (cp. Fig. 6o). Experiments show that these 
‘statoliths’ change their position with every movement of the 
plant, and such cells are believed to be real sense organs for 
perceiving the stimulus of gravity (cp. p. 264). 

Most animals, from the Coelentcrates upwards, possess 
organs for orientation which work on the same principle. In 
lobsters, crayfish, prawns, shrimps, for example, these organs 
take the form of little sacs called statocysts, which open to the 
exterior and arc lined with sensitive hairs (cp. Fig. 61). The sac 
in some species contains grains of sand, placed there by the 
creature itself, and renewed after each moult (cp. p. 393)* 
many members of this Arthropod group there are two such 
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sacs, one on the base of each feeler (antcnnule). By a most 
instructive experiment it was definitely proved that these are 
true gravity organs. 

Ezerciset Study the effect of a magnet on iron filings before 
reading the next paragraph. 

Experiment on Statoirysts. A small prawn, Palemon, which 
had shed its shell and hence its statolith particles, was kept in 
absolutely clean water containing iron filings. Unable to obtain sand, 
it picked up some of these filings and put them into its statocysts. 
Now when a magnet was held above it, the filings were pulled up. 
wards and the animal turned over on its back in a valiant endeavour 
to swim upside down. Whenever the magnet was moved the animal 
moved too. It reacted to the magnetic force as, in normal circum- 
stances, it would have reacted to gravity, movement taking place 

whenever the statoliths (iron filings) were displaced from their normal 
position. 

^ In vertebrate animals there is a gravity perception organ 
m the ear. 


THE VERTEBRATE EAR. 

The inner ear consists of an elaborate structure known as the 

membraneous labyrinth, which is embedded in bone. Between 

the bone and the labyrinth there is a fluid, the perilymph, 

while the labynnth itself is hollow and filled with fluid the 
endolymph. * 


The labyrinth {cp. Fig. 6») consists of: (i) A two-chambered organ, 
the cavities (saccule and utricle) communicating by a very narrow 
canal, (a) Three «ching tubes, known as the femicircubr r.n.l . 
one horizontal, and the other two vertical in planes at right angles 

° w ^ swelling, the 

s^cMzeH ? K ‘he organ 

h«,^ This oartTi'l'”'''” by which the anSial 

hears. This part of tlie internal ear, the hearing portion is verv 

^ perfectly developed m the lower vertebrates, particularly in 

Let us first of all consider those oartj of 

orea^f“* bearing; utricle, saccule, and semicircular canah are 
orgam for pving the ammal a sense of position (gravity perccntionl 
and for making tt sensitive to change, in it, vclocfty of Lodon. ^ 
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The cavities of this part of the car arc filled with fluid and lined 
by a delicate membrane containing groups of sensitive cells, which arc 
the actual receptor organs for stimuli due to gravity or to changes 
in velocity. There is a group in each ampulla and others in both 
utricle and saccule. These cells have long hair-like processes pro- 
jecting into the endolymph, while they arc connected below with 
nerve fibres of the eighth (auditory) nerve. Among these sensitive 
hairs, particularly in the utricle and saccule, are solid particles of 
calcium carbonate. These are the otoliths (or statoliths) of the ear, 
which are concerned with tlie perception of gravity. Stimuli caused 
by their movement are conveyed from the receptor organs to the 
central nervous system, and these stimuli make the animal aware o. 
its position in relation to the vertical. (Other sense organs help in 
this task, notably the eyes.) 

The semicircular canals are more concerned with changes in the 
velocity of motion, whether a speeding up or a slowing down. If you 
sit blindfold on a roundabout, it is by stimulation of the sensory cells 
in the ampullae of the semicircular canals that your brain becomes 
aware of the direction and velocity at which you are whirling. The 
stimulus is caused by the fluid in the ampullae, which lags behind 
or goes ahead according as the velocity is increasing or decreasing. 

To sum up, this part of the internal ear is concerned wiA 
the sense of position (gravity perception) and with changes in 
velocity and direction of movement. It is by a chain of reflex 
actions, initiated by stimuli coming from this portion of the 
car, that a cat dropped upside down from a height rights itself 
in mid-air. Violent stimulation of these sensory cells leads to 
giddiness, which, as we all know, may be so great that we 
cannot stand. Now such a condition would be fatal to an air- 
man and so they are subjected to special tests; for example, 
they may be strapped in a chair and spun round in various 
directions, to see whether they can retain their power of control. 
If they become helplessly giddy they are obviously not suitable 
people to pilot an aeroplane. Stimulation of these ce is 

probably the primary cause of sea-sickness. 

The auditory organ. The car, as we all know, is also an or^n 
for hearing. The cochlea (cp. Fig. 62) is the uldmate receiving 

station for sound waves. It contains a . 

which there are some 16,000 nerve endings, all branches ol 
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auditory (Vlllth cranial) nerve. Nevertheless, it is only sensi* 
tive to vibrations of certain frequency, the limits for us lying 
between 16 and 40,000 vibrations per second. These limits 
arc not the same even for all mammals; a dog >vill respond to 


1 


C. inner car. i. Ear-trumpet (pinna). 2. Passage of outer ear (externa) 
auditory meatus). 3. Ear-drum (tj-mpanum). 4, 5, 6. Small bones which 
transmit vibrations to the ‘window’ (to the right of 6) in the bony wall of 
the inner car. 7. Eustachian tube, a communication between the cavity of 
the middle ear (which contains air) and the mouth. 8, 9, 10. The membra- 
neous lab>Tinth, containing fluid cndolymph and lying in the fluid peri- 
lyisph (black shading). Arising from 8 arc the three semicircular canals. 

lo. The spiral cochlea, the organ of hearing 

a whistle which we cannot hear. Some invertebrate animals, 

tw, make, and therefore presumably ‘hear*, sounds to which 
the human car is insensitive. 

The middle ear. All sound is due to a wave motion, usually 
a wave motion in air, and the middle car is specialized to 
receive such waves. It consists essentially of a stretched mem- 
brae, the car^dnim or tympanum (3, Fig. 62). on which the 
vibrations impmgc. Attached to the inner face of this drum 
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there is, in mammals, the first of a chain of three little bones 
( 4 > 5 > Fig- 62) which transmit the vibrations from the drum 
to the endolymph and so to the cochlea. A narrow tube leads 
from the cavity of this middle part of the ear (7, Fig. 62) into 
the back of the throat (cp. Fig, 43). This tube — the Eustachian 
tube — ensures that the pressure of the air on the two sides of the 
ear-drum is kept equal. In spite of this protective mechanism 
the drum may be ruptured by a sudden explosion, such as that 
due to a large gun; in such cases the pressure is not equalized 
quickly enough. 

The external ear. In addition to inner and middle ears we, 
in common with birds and other mammals, possess an external 
ear. This is a passage (2, Fig. 62) surrounded by bone, down 
which the vibrations travel till they reach the ear-drum. In 
birds the opening of the external ear is merely a round hole, 
but in mammals it is surrounded by a trumpet or pinna 
(i, Fig. 62). This serves to collect the sound and at the same 
time helps the animal to determine from what direction it is 
coming. Watch a horse or a rabbit and notice the use of the 
pinna. In man it is not movable, and he turns his whole 
head when a horse would only move his ears, 

THE EARS OP VERTEBRATES. A Comparison. It is most interesting to 
compare the car of different groups of vertebrates. 

In fishes it is an organ for gravity perception and for direction of 
movement, rather than for hearing. I ts main partsare the membraneous 
labyrinth and semicircular canals. The cochlea is very rudimentary, 
and there is no middle or external ear. In the/rog and other amphibia 
you will have noticed the tympanum on the side of the head, below 
and behind the eye (cp. Fig. 99 ). This is the car-drum. A frog has 
an internal car with a fairly well-developed cochlea, and a middle 
ear (but with only one bone, and not three, as in mammals, linking 
up the car-drum with the internal ear). It has no external car. This 
b only found in true land animab — reptiles, birds, and niammab. 

EVOLUTION OP THE EAR. Wc Icam oncc again that l«son which 
every comparison of living organisms imparts, that there b a gradu 
increase in complexity, a gradual specialization of structure, as wc 

pass from the lower to the higher forms. 

Wc speak of ‘the gradual evolution* of the ear of the land verte- 
brate, and imagine that it has been derived from some simpler 
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structure, such as that still persisting in the lower vertebrates; an 
organ consisting of an inner car only and not yet organized to receive 
sound waves which travel through air. 

LATERAL-LINE ORGANS. Fishcs (and somc newts) have, scat- 
tered in their skin, organs whose functions are probably some- 
what allied to those of the ear, serving for balance and for the 
perception of waves of low frequency (‘hearing’), such waves 
as might be caused by the movements of other creatures 
through the water. These organs arc found on the snout and 
sides of the head, and also down each side of the body, where 
they form the conspicuous ‘lateral line*. 

They consist of small pits, of small communicating canals, or, 
in the case of the lateral line, of one immensely long canal 
provided with a number of minute pores which open on the 
surface of the animal. All these structures arc filled with 
mucus and contain groups of sensory cclb, each group consti- 
tuting a simple sense organ (neuromast). The sense cells have 
blunt processes which project into the mucus and which are 
the actual receptor organs, while internally they are connected 
with the end fibres of one of the cranial nerves (V, VII, or X),- 

It seems possible that the internal car itself, in spite of its 
much greater complexity of structure and function, represents 
simply a specialized neuromast organ. 

Exercise. Examine the head and dorsal surface of a dogfish, cod, 
or salmon. On the head arc a number of minute holes, looking like 
pin-pricks arranged in some complicated pattern, while extending 
along each side of the body from head to tail is a dark streak which 
marks the lateral line. If you squeeze the animal in these regions 
mucus will exude at the pores. 

SENSITIVITY TO LIGHT 

the eyk AND VISION. Sensitivity to light is a very general 
characteristic of living organisms, most plants and many 
ammals being sensitive to it, although they have no eyes. 

The first trace of an eye is seen in the tiny red eye-spot of 
wtain unicellular organisms, e.g. Chlamydomonas. It is a 
cry from this speck of Ught-absorbing pigment to the 
highly organized eyes found in somc invertebrates (the insects. 
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for example), and in all vertebrate animals. We cannot in this 
book trace the development of the eye through all its many 
stages; that there has been a gradual evolution of the more 
complex mechanisms seems certain. Let us look at the highly 
organized eye of vertebrate animals. 

THE VERTEBRATE EYE. The mechanism of our eye is very 
like that of an ordinary photographic camera. In any camera 
the essential parts are the lens which forms the image, and 
the sensitive surface (plate or film) on which this image is 
thrown. In most cameras there is also a focusing apparatus 
which enables us to obtain a clear picture of both near and 
distant objects. 

Exercise. Students who have not already studied the action of 
lenses are advised to do some simple experiments, particularly with 
convex lenses, before they proceed to the study of the eye. Suitable 
ones are described in any text-book of elementary physics. 

In the eye (cp. Fig. 63) the retina corresponds to the photo- 
graphic film, and the eye, like the camera, has a lens. This 
throws an image on the retina which is upside down and right- 
side left. In a camera we change the focus by altering the 
position of the lens; in the eyes of bony fishes and of amphibia 
the same method of focusing is used. In man and other 
mammals the focus is changed by altering the curvature of 
the lens itself, this alteration being the work of the ciliary 
muscles (cp. Fig. 63). Another important part of the verte- 
brate eye is the iris (the coloured portion); this regulates the 
amount of light which enters the eye by altering the size me 
pupil. You should observe its action in the eye of a friend (or 

of a cat — where the pupil narrows to a long slit). 

The retina is a very specialized membrane which J"® 
inner surface of the eyeball. It contains sensory cells, called 
rods and cones, which receive the light-stimulus, and nerve 
endings to which this stimulus is then imparted. Impulses arc 
thus initiated which pass to the brain through the opuc neiYC 
(cp. p. 221). By a well-known experiment we can show to , 
wh^en the sensory (receptor) cells of the reuna are absent, no 
vision is possible. The optic nerve itself is not sensiuve 
and, in the region where this nerve enters the eye u 


to light, 

> spread 
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out and form the nervous layer of the retina, there are no 
sensory cells. This point in the human eye is known as the 


X 

I 



Fio. 63 . Diagram of a horizontal section through the right eye of a man. 
The lens and iris separate the anterior chamber (filled with aqueous 
humour) from the posterior chamber (containing the jelly-like vitreous 
humour). The shape of the lens can be altered by the ciliary muscle pulling 

on the suspensory ligament 

blind spot (cp. Fig. 63), for when light falls upon it no sensa- 
tion is registered by the br^n. 

Experiment 69. To show the existence of the blind spot make 
a dot and a cross about 3 inches apart on a sheet of white paper, the 
cross being to the right. Now hold the paper about 1 foot away from 
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the eye. Shut the left eye, and keep the right eye fixed on the crosj. 
As we move the paper nearer, there comes a moment when the spot 
disappears from view. Rays coming from it arc now falling on the 
‘blind spot*. 

Repeat the experiment, shutting the right eye and fixing the left 
one on the spot. The cross can now be made to disappear in the 
same way. 

Figure 63 shows that the eye contains two cavities. The one 
in front of the lens is filled by a watery fluid, the aqueous 
humour; the one between the lens and the retina contains a 
transparent jelly, the vitreous humour. 

Exercise. Obtain a fresh bullock’s eye from the butcher. Notice 
the pupil, the aperture through which light enters; the iris, by which 
the size of the aperture is regulated; and the tough white sclerotic, 
with the transparent cornea in front — the whole forming the protective 
covering of the eyeball. 

Open the eye with scissors and identify the lens, the dark-coloured 
retina, and the aqueous and vitreous humours. If a window is cut 
in the side of the eye the blind spot becomes apparent as a small 
whitish circle. 

Such is the general structure of the eye in all vertebrates. 
Another interesting type of eye, into the study of which we 
cannot enter, is the compound eye seen in butterflies and many 
allied fonns. You should carefully notice the external appear- 
ance of such eyes during your study of insects. 

DEFECTS OF VISION. In the modem world we use our eyes for very 
delicate work, and this reveab many minor defects of vision. Some 
people can see distant objects clearly but cannot focus their eyes 
for near vision. Since the power of focusing diminishes with age 
thb ‘long sight’ b generally a defect of middle life. Other people 
cannot focus dbtant objects— i.e. they arc ‘short-sighted’; these and 
many other defects may be corrected by suitable lenses, convex for 

long sight, concave for the short-sighted. 

A defect of another kind b colour-blindness, which is fairly common 
among men. It b an inherited defect, usually passed on by a 
whose vision b quite normal but who b the daughter of a colour-blind 
man, to her son. It b therefore chiefly a male defect; m such cy« 
the mechanism for discriminating between one colour and ano^e 
is faulty. An analogous defect in the ear renders people tone-deal . 
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COLOUR VISION. The whole subject of colour vision is most interest- 
irg, and presents many as yet unsolved problems. If, for example, 
a disk is painted in the colours of the rainbow (red . . . violet), each 
colour is seen separately $0 long as the disk is at rest. But if it is 
rapidly rotated the eye does not distinguish the separate colours, but 
blends them so that the disk now appears white. 

It is not necessary to blend all the colours of the rainbow to obtain 
this result. If a top which is painted half orange, half blue, is spun 
rapidly, the two impressions are fused and the top appears almost 
white. How does the eye achieve this effect? How different is the 
result if orange and blue pigments are mixed together ! This blending 
produces a pigment which is green, not white. Many theories have 
been put forward to explain how colour is perceived, but none is 
entirely satisfactory. 

In a dim light our sense of colour vanishes, and objects only differ 
in the intensitji of their illumination, looking uniformly whitish, grey, 
or black. It may be that this is the only kind of vision possessed 
by many animals, even by certain mammals. It seems likely, for 
example, that dogs cannot distinguish colour. 

COLOUR VISION IN INVERTEBRATZS. Considerable interest attaches 
to the colour vision of invertebrates, especially the insects. Many 
flowers are insect-pollmated (cp. Chapters XXXIII and XXXIV). 
Such flowers are usually brightly coloured, and their colour is 
mpposed to attract the insect. But can insects really dbtinguish 
differences in colour? Many attempts have been made to determine 
by experiment whether bees, for example, have a colour sense, and on 
the whole such experiments seem to show that they do distinguish 
certain colours. In all such investigations, however, it is difficult to 
be sure that different colours are seen. In many cases the results 
obtained might be due to differences in brightness (intensity). It is 
undoubtedly true that many creatures which have no sense of colour 
arc sensitive to differences in light*mtensity. Even plants react to 
light and carryout heliotropic movements (cp. Figs. 70 and 72). 

ANIMAL TROPISMS. Many animals carry out tropic move- 
ments in response to light and other directive stimuli. These 
are movements of the whole body towards or away from the 
stimulus (cp. p. 246), the anim^ turning and adjusting its 
position so that its paired sense organs (c.g. two eyes, two 
antennae, &c.) arc equally stimulated. Some animals, for 
example, are negatively h^otropic, moving away from the 
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light and always seeking the shade (c.g. earthworms, blow-fly 
larvae, crayfish). Others are positively heliotropic (e.g. the 
moths which flutter around a candle). 


Experiment 70. To show the effect of light on the larvae of the 
blow-fly, place them (together with small fragments of meat) in a 
test-tube, one half of which is painted black. The larvae move away 
from the light — they arc negatively heliotropic. 
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Fio. 64. Reflex action in an insect which moves towards light* 

(After Hogben) 


Many animals exhibit a similar inborn obligation to adjust 
their bodies in a definite position with regard to some stimulus, 
and we now know something about the mechanisms under- 
lying these responses. Experiments have shown that, when 
light falls more brightly on one eye of an insect than on 
the other, the muscles of one side arc stimulated to contact 
(cp. Fig. 64). This causes a turning movement of the whole 
body, which is bent round until the nvo eyes are equality 
illuminated, when the creature moves straight on— towards 
the light if it is positively heliotropic (cp. Fig. 64), away Irom 
it if its reaction is negative. 

These actions arc purely automatic (reflex). No conscious- 
ness enters into them and, as we all know, they may make 
a creature fly even to its death. 
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QJJESTIONS ON CHAPTER XIX 

I. VVhat do you understand by irritability? Give three examples 
of this phenomenon, one from the plant world, and tW’O from the 
animal world. 

а. Describe the ear of a mammal (or frog), and show how its 
various parts arc specialized to perform different functions. 

3. What do you understand by gravity? Describe two organs of 
gravity perception found in a nimals . Are there any similar organs 
in plants? 

4. Give a large, labelled diagram of the eye of a vertebrate animal, 
as seen in section, and briefly describe the functions of its various 
parts. (C.VV.B.) 

5. ‘Irritability* is one of the properties common to all living things. 
Explain the meaning of this term. How is the truth of this sentence 
shown in the behaviour of (a) a mould, (6) Amoeba, (r) a germinating 
seed, (</) a sweet-pea plant? (L.Matric.) 

б. ‘Sensitivity* or ‘irritability’ is one of the characters of all living 
things. Explain the meaning of these terms. How is ‘sensitivity* or 
‘irritability’ demonstrated in the behaviour of (a) a seedling and (b) a 
frog? Details of structure are not required. (Ox. & C.) 

7. Give a brief account, illustrated by examples, of the responses 
made (a) by plants, (A) by animals, to various external stimuli. 
(L.G.S.) 
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CHAPTER XX 



REGULATION AND SENSITIVITY IN PLANTS 

Forces directtno the plant’s growth — tropisms. By ob- 
servation and experiment we can easily show that plants, 

as well as animals, are influenced by 
stimuli coming to them from the 
environment. Particularly important 
are the stimuli which direct their 
growth and cause them to place their 
organs in definite positions with re- 
gard to the earth’s centre. In our 
study ol the growth of the bean 
seedling, for example (cp. p. 86), wc 
found that the radicle grows down- 
wards and the plumule upwards, no 
Fio. 65. Apical growth in a matter in what position the seed is 
root planted. We are obviously dealing 

here with some direcung stimulus, 
and we will now try to discover what these stimuli are. 

APICAL growth op ROOT AND SHOOT. To Study thcsc reac- 
tions in plants, we must first know something about their 
method of growth. When the axis of a plant elongates, growth 
is taking place only at the apex of each organ (cp. Figs. 65 and 
66), as the following experiments will show. 

Experiment 71. Take a broad-bean seedling with a straight root 
about 2 inches long. Dip a mounted needle (or long sewing-needle) 
into waterproof Indian ink, and with the side of the needle (not its 
point) make marks on the root at intervals of about i inch, starting 
at the root-tip and making the first mark on the root-cap itself. 

Make an accurate sketch of the root and its marking, place the 
seedling in a gas-jar lined with mobt blotting-paper, watch its growth, 
and sketch again. The root grows longer, but the only place where 
the distance between the marks increases is near the root-up. in 
growth of the root is apical, elongation occurring in the last a or 

3 mm. of the root, just behind the root-cap. 

Experiment 72. Mark the plumule of the seedling in the 
way, taking care that the marks arc on the stem itself and no 
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the leaves, and then observe the growth. Only tome of the marks 
become more widely separated. Again growth is apical, but the 
elongating region is more spread out in the stem than in the root. 
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Fio. 66, Region of elongation in a typical stem 

I ‘He a^U. 

p„.ee. „„e ..other and the .ternTp* "dtrthi 



246 SENSITIVITY AND CO-ORDINATION 

The most rapid growth in length occurs, not in the terminal bud 
itself, but in the intcmodes just below, where the axis elongates and 
so separates the young unfolding leaves. 

Each intemode in turn grows to its appointed length and then all 
further elongation ceases. 

This apical elongation of tlic axis is very characteristic of 
plants, being found in many of the lower groups as well as in 
flowering plants. It usually continues all through life, so that 
new organs are always being added and the plant is growing 
taller. These organs all take up some quite definite position 
in space. Let us now ask how the direction of their growth 
is controlled. 


TROPIC CURVATURES OP PLANT ORGANS. 


Elxperiment 73, Take two seedlings with straight roots between 
1 and 2 inches long. Mark the roots at equal intervals, as in experi- 
ment 71. Plant the seedlings in gas-jars as before, pointing the one 
root horizontally, the other vertically upwards. Sketch the roots as 
they appear at the beginning of the experiment, leave in a dark 
cupboard for a day, examine, and sketch again. 

The root-tips now point vertically downwards. Careful comparison 
shows that they have curved in the growing region, the parts of the 
root which had finished elongating have not moved. 

Experiment 74. Turn the seedlings round again, so that once 
more the one root-tip is horizontal, the other upright. They turn 
down again by another growth curvature. 


GEOTROPisM. Obviously some force is directing the growth 
of the root. That force is gravity, to wliich influence^ hvmg 
organisms arc exposed (cp. pp. 23* 232). The root 

responds to gravity by growing and turning its tip downwards 
(cp. Fig. 67); we say that it is positively geotropic. 
respond, as an animal often docs, by moving its whole body 
towards (or away from) the directing stimulus (cp. Fig. H)- 
The only parts capable of a visible response ^c the ptoic nc' 
cells which are actually growing while the stimulus is ‘ 

The limited power of movement which plants possess * 
be carefully contrasted with those free and acuve 
of animals, which make their responses to external sUmuh so 

much more rapid and obvious. 
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The response of the main stem to gravity is exactly opposite 
to that of the main root; it is negatively geotropic, growing 
vertically upwards away from the earth’s centre, as is shown 
in the next experiment. 

The new portion of 
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first burning ' ' * 
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ujtwards A 

Fio. 67. Gcotropic curvatures in root and shoot, showing the efiect on 
its growth of turning a seedling plant upside down. A. Plant just in- 
verted (Xi). B. The same plant five days later (X^) 


E^exiznent 75, To examine the response of the plumule to 
gravity we use pea or bean seedlings, grown in pots, and with plumules 
a to 3 inches long. Mark the stems in equal intervals with Indian ink, 
tie muslin over one of the pots, and suspend one upside down in 
a dark cupboard. Place a second pot on its side in the dark. 

The plumxUcs grow, and in each case return to the vertical 
posiUon (cp. Fig. 67). 
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‘geotropig* curvatures due to the stimulus op gravity. 
We cannot eliminate the force of gravity, to see whether the 
plant’s axis loses its sense of direction when not exposed to that 
influence. But experiments with a klinostat help us to realize 
that gravity is the stimulus which calls forth geotropic response. 
By this instrument we can keep a plant continually revolving 
in space, so that the position of its axis with regard to gravity 
is continually changing (cp. Fig. 68). 



Covering of 
fnusbn which 
dtps mto water 


Cork which 
revolves 




Papier mSche bowl 
inverted over a 
similar bowl 



Rod of metal 


Water 




Clock 
mechanism 
which 
rotates 
the cork 



Fio. 68. Diagram of the klinostat apparatus described in the text 


Experiment 76. A clock mechanism is made to revolve a metal 
rod to which a disk of cork is attached. The cork is covered with 
muslin, and some small seedlings (pea seedlings are suitable) with 
short, straight axes arc fixed to it by pins thrust through the cotyle- 
dons. We wind up the clock, and the seedlings arc revolved 
continuously in a vertical plane. 

The seedlings must be kept both moist and dark; an excellent mobt 
chamber can be made with two papier-mdch6 bowls, one being 
inverted and used as a cover to the other. A hole in the side of the 
lower bowl admits the revolving rod to which the cork is fixed. 
Water in the bottom of the bowl keeps the plants moist. As a control, 
set up a similar apparatus — cork and seedlings, bowls, &c. — but the 
cork is not revolved. 

We find after about 24 hours that the seedlings in the control 
apparatus have grown, and their radicles now turn downwards, 
plumules upwards (cp. Fig. 69 B). The revolving seedlings, on the 
other hand, have grown on in the position in which 
placed. They show no outward response to gravity (cp. Fig. 69 A;. 
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In this manner we can show that geotropic curvatures repre- 
sent the responses of the plant to the stimulus of gravity. 

THE DIRECTIVE INFLUENCE OF UGHT. HELIOTROPISM, Light 

as well as gravity exerts a directive influence on plant growth. 
VVe all know how room plants will turn their leaves towards 
the window. Let us examine these responses to light more 
closely. 



Flo. 6g. Thb Result OF A Klinostat Experiment. A. Seedlings revolved. 
Roots and shoots have grown on in the direction in which U»cy were placed. 
B. Seedlings not revolved. Roots have grown downwards and shoots 

upwards 

Ezpcrimeot 77. Fit a wide glass bottle with a cork, and pin to 
the middle of the cork a seedling with a short straight radicle. 
A little water at the bottom of the bottle creates a saturated atmo- 
sphere in which the radicle is suspended. Cover the whole with a box, 
in one side of which is cut a long, narrow slit, and place the whole 
apparatus against a window, so that light will pass through the slit 
and fall on the root apex from one side. 

The root grows and turns away from the incident light. The 
main root of a seedling is negatively heliotropic. 

E^erlmcnt 78. For this experiment use pea seedlings with short, 
straight plumules, about 3 inches long. Water them, and cover each 
plant by a box with a long slit in one side. Place in a window as in 
experiment 77. 

The shoot grows towards the light, eventually coming out through 
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the slit in the box. The new growth is not horizontal, but nearly 
mid-way between the horizontal and the vertical. It is the result of 
two forces acting at right angles, gravity acting vertically while light 
acts horizontally under these conditions. 

The main shoot of a seedling is positively heliotropic (cp. 
Fig. 70). 



Fio. 70. Reaction of a cress seedling to light. (After Bower) 


Experiment 79. Take two young plants of garden nasturtium 
(Tropaeolum) ; place one out of doors, cover the other with a box so 
that it is lighted from one side, and leave. 

In the one plant the lamina of each leaf is now horizontal, in the 
other they are all vertical. In every case the leaf is set so that its 
lamina is at right angles to (i.e. across) the rays of light. 


Leaves arc sensitive to light. In temperate regioru ^ey 
usually set themselves to catch all they can— they arc diaplmto- 
tropic. This reaction is most marked in young leaves, and may 
quite disappear in old ones. 


Experiment 80. Take two plants of garden nasturtium and pla« 
them in a wcU-lightcd window. The one remains still, the “ 

placed on the cork disk of the klinostat (cp. Fig. 68). which is «volv^ 
L a korUontal plane. After a time aU the leaves of the 6rst plant face 
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the window; on the other plants whose position to the light haa been 
constantly altering, the leaves face in every possible direction. 

We see that the position of the leaves is determined almost 
entirely by their reaction to light. 



the DIRECTrVE INFLUENCE OF WATER. HYDROTROPISM. One 

more influence which directs the growth of plants remains to 
be discussed. This is the effect of moisture on roots. 

Experiment 81. Make a deep tray of perforated zinc, cover the 
bottom with fine damp sawdust, and plant in it a number of small 
seeds. Cover the whole with damp blotting-paper and suspend the 
tray at an angle of about 45 degrees (cp. Fig. 71). 

The seeds germinate and their roots grow vertically downwards 
under the infiuence of gravity. Some penetrate the boles in the ginn 
and their tips become exposed to dry air. They curve back towards 
the moisture, many pushing their way through another hole and 
entering the tray again. Sometimes a root may thread itself in and 
out of the holes several 
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Roots are sensitive to moisture, being positively hydrotropic 
(cp. Fig. 71), This response is obviously very valuable to the 
root, causing it to grow towards regions of greater moisture. 

PLANT GROWTH DIRECTED BY EXTERNAL STIMULI — A SUMMARY. 

In both young seedlings and mature plants we have discovered 
that the position of the various organs is largely determined 
by their reaction to external stimuli. Gravity, light, and 
moisture all influence the growth of the root, which b positively 
geotropic, negatively heliotropic, and positively hydrotropic. 
The growth of the plumule b directed by light and gravity; 
it b positively heliotropic and negatively gcotropic. The posi- 
tion taken up by the leaves depends chiefly on their reaction 
to light. 

The lateral roots and shoots ^xt also influenced by the same 
external forces (cp. Fig. 67 B), but their position b determined 
to a great extent by internal stimuli arbing within the plant 
itself. The result b that they grow at a definite angle to 
the main stem (or root), thb angle being very different in 
different plants. Compare, for example, a Lombardy poplar 
with a chestnut tree. 

The plant b an organbm, an individual, and, as in every 
other living organism, its acts are unified, the whole controlling 
the movements and other activities of its separate parts and 
organs. 

Experiment 82. Suspend some broad-bean seedlings in separate 
gas-jars, each fixed by a long pin to a cork which closes the mouth 
of the jar. Thb arrangement allows the root system to develop 
There b a little water at the bottom of the jar. When some of the 
lateral roots arc from 2 to 5 inches long, cut off the end of the 
root from half the seedlings. Notice the result carefully, skctchmg 
the mutilated roots every two or tlirce days. In many cases a latei^ 
root changes its direction of growth and turns vertically downwar^, 
thus replacing the main root. Its response to gravity has been changed 
by some influence ansing in another part of the plant. 

MOVEMENT IN PLANTS AND ANIMALS. MovcmCnt b onC of Ac 
great characteristics of living protoplasm. We now know ^at 
^e popular idea that animab can move, but plants cann , 
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b only partially true. Plants cannot, as a rule, move from 

place to place (movements of locomotion) as animals can, 

tliough even to thb rule there are many exceptions. If you 

have ever seen a cinematograph film of a growing plant, in 

which, condensed into a few moments, you see events which 

represent months of active growth, you will realize as never 

before that all plant growth causes movement. As the tree 

grows its branches climb ever higher, its roots penetrate ever 

deeper into the soil. There are also these tropisms — turning 

movements which bring the various plant organs into the most 

advantageous position for the particular functions they have 
to perform. 

Contrast between plant and animal movement. It b obvious that 
most plant movements are very slow, those of animals much 
more rapid. In plants a sdmulus must act for some time before 

anyrcsponseisvbible; animals react almost instantaneously (cp. 

exercise, p. 223). It has been found, for example, that plants 
do not usually respond to the stimulus of gravity unless they 
arc exposed to it (c.g. are laid horizontally) for at least twenty 
minutes, and some hours must often elapse before anv 
measurable response can be detected. The contrast between 
^ rapid responses of most animals is very marked. 

1 hw difference does not seem to rest on a fundamental differ- 

(CD T* protoplasm, for occasionally 

( P. j-ig. 44 B) plants can move quite rapidly. It depeneb 
largely on the animal's greater freedom of movement an"mS 

b rapidly received and effirJ tl stimulus 

effector organ No sucS <0 a definite 

plants, except that, in a few detected in 

definite sense organs for the rerem*^^* ^ 'o possess 

to the sense orgarof comparable 
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Fio.72. Sleep Movements. Ai. Dandelion flower. 6 a.m.-5 P-m-; 
L, 5 p.m.-6 a.m. Bi. Qover leaf in the light; Ba, in the dark 
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SENSE ORGANS OF PLANTS. 

Gramtjhpercepiion organs. The best-known sense organ of the 
plant is the gravity-perception organ situated in the root-cap, 
an organ which was described and examined by the great 
Charles Darwin. 

It consists, as we have seen (cp. p. 231), of a group of cells, 
called statocytes, which contain movable starch grains, stato- 
liths (cp. Fig. 60). The reception of the stimulus, when the 
plant is displaced, is brought about, we imagine, by move- 
ments of the statoliths, their movements stimulating the proto- 
plasm of the statocytes; this stimulus is transmitted to the 
growing cells of the root apex, transmission taking place through 
the general protoplasm. (In this connexion we may recall the 
fact that fine strands of protoplasm penetrate the cell-walls 
of plants, so establishing a living connexion between the con- 
tents of adjacent cells.) The response to the stimulus is carried 
out by the new cells which arc in process of formation. The 
whole process is quite comparable to the reflex action of an 
animal (cp. p. 222). 

Experiment 83. Repeat experiment 73, carefully removing the 
root-cap with a very sharp razor. Measure the length of the root 
carefully, and place it vertically upwards, as before. The root grows, 
but docs not curve until a new root-cap has been formed. It has 
lost, for the time, its sensitiveness to gravity (cp. Fig. 60 B). 

Exercise* Examine a thin longitudinal section of a root apex 
which has been mounted in glycerine and iodine, and notice the 
statoliths. 

Perception of light. Another localized sense organ occurs in the 
fust le^ (colcoptile) of grasses (cp. Fig. no A); it has a solid 
tip which acts as a light-receiving organ. If the top 2 mm. of 
tl^ leaf is removed there is no response to a one-sided light- 
stimulus; if this tip is covered by an opaque silver-paper 
cap, the response is much reduced. These facts can easily be 
demonstrated by simple experiments. 

CoT^rasi between plant and animal movement (continued). Hence 
CTen m this matter of the possession of deflnite sense organs 
there is no absolute distinction between plants and animals. 
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In as highly organized an animal as an earthworm no organs 
for orientation or for seeing have been detected. All the higher 
plants apparendy possess at least one localized sense organ in 
the root-cap. 

RAPID MOVEMENTS EXECUTED BY CERTAIN PLANTS. Sleep move- 
ments. Have you noticed that clover leaves change their 
position at night? The leaf consists of three leaflets, which 
spread out horizontally by day; at night the two side leaflets 
fold together with their upper surfaces in contact; the third 
leaflet then swings over these two and is folded along its mid- 
rib, so that it covers the others (cp. Fig. 72 B). What stimulus 
causes this movement? 


Experiment 84. Invert a wooden box over a clover plant growing 
in the open, taking care that all light is excluded. Determine how 
long the leaflets take to assume the ‘sleep* posidon. 


Sleep movements are shown by many compound leaves; e.g. 
those of wood-sorrel and the ‘sensitive plant*. The exact mean- 
ing of these movements is not known. 

Opening and closing movements in flowers. Many flowers open 
by day and close at night, e.g. buttercups, dandelions. In these 
the change from light to darkness seems to be the chief stimulus. 
In others changes in temperature cause the movement. 
one knows how tulips open in a warm room and close in a cold 
one. In many cases flower movements arc probably caused 
by a combination of these two stimuli; this seems to be ti^c 
of the opening and closing of crocus flowers. There arc other 
flowers which open only at dusk — e.g. evening primrose, 

tobacco flowers, night-scented stock. 

Many planu carry out movement of this nature, in 

student should try to find others for himself. ^ 

Movements due to contact stimulus. It is in cerum °^<jveinentt 
due to contact that plant responses most nearly resemble e 

of animals. Sundew hairs (cp. Fig. 44 B) 

quickly over any insect which touches them and ‘he sumulm 

I communicated to hairs not actuaUy touched, so that they 
also bend* 
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Very rapid are the movements of the sensitive plant, which 
may be induced by contact, and also by change from light 
to darkness (sleep movements). This plant has compound 




Fro. 73. Stages in me twining ol white bryony. A. Ten- 
dril stimulated by contact. B. TendrU beginning to react 
to the stimulus. C. The reaction completed. The whole 

tendril has responded 


I<av« each consisting of many leaflets; if one of these is 

whoIe“l fold together in pairs, the 

whole leaf mov« downwards; the effect of the rontact U 

rapidity commumcated to adjacent leaves, which droop in turn 
the ‘s!trp“„.^' ‘oaves into 

th™ offiT. “ 

4061 


1 
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Climbing plants. Many climbing plants respond to contact, 
growth becoming more rapid on the side opposite to that 
touched; as the result of this they twine round some support 
(cp. Figs. 49, 73). This reaction is best seen in UndnlSj special 
climbing organs which many plants possess, and which usually 
represent modified leaves, leaflets, or branches (cp. Figs. 121 
and 122). 

Exercise. Examine the tendrils of sweet pea, vetch, bryony, &c., 
and try to determine their morphological nature, i.e. do they repre- 
sent leaflets, whole leaves, branches, &c.? 

Experiment 85. Gently stroke the under surface of a young white 
bryony tendril for about a minute, and notice that curvature follows 
almost immediately. The tendril curves from both ends, and hence 
both fixes the plant to the support and drags it up towards the light. 
Sketch one of these tendrils, and compare its coiling with that of 
a rope which is twbtcd from both ends. 

PLANT MOVEMENT. A SUMMARY. Oncc morc, in this study of 
movement, we find that certain fundamental activities arc 
common to all protoplasm. Sitting in a room with a dog and 
a geranium as the other living occupants, we notice the dog’s 
respiration, but not the geranium’s; we notice the dog’s feed- 
ing, but not the plant’s; we notice his movements, his respon^ 
to varying stimuli; we are not conscious of movement in the 

plant. 

Yet all these things are common to the three orgamsms. 
They arc fundamental characteristics of all living protoplasm. 
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QUESTIONS ON CHAPTER XX 

1. ‘Irritability’ is one of the properties common to all living things. 
Explain the meaning of this term. How is the tmth of this sentence 
shown in the behaviour of (a) a mouse, (A) Amoeba, (f) a germinating 
seed, (rf) a sweet-pea plant? (L.M.) 

2. How do stems and roots respond to the stimulus of (i) light, 
(a) gravity? Describe experiments you have performed in proof of 
your statements. (L.G.S.) 

3. What is meant by gcotropism? Write a full description of any 
three experiments you have performed which throw light on the 
nature of geotropic response in roots. 

4. Describe simple experiments to show how the grotvth of a root 
Is affected by gravity, light, and by moisture. (J.M.B.) 

5. Describe any two experiments you would perform to show 
clearly the effect of light on the direction of growth of the plumul** 
State briefly what are the other effects of Ught on plants. 

6. JVhat do you understand by a tropism? Carefully iximpare any 

one plant tropism with any one reflex action in a mammal. (L.G.S ) 

7. What do you understand by contact stimulus? Describe any 
one reaction to a conuct stimulus in a vertebrate animal, and anv 
one ruction to contact by a plant. Briefly compare the two. 

8. Write a short essay on sensitivity in plants. 

1 movement in plants, and briefly compare 

plant and animal movement, ^ 

(L G sY"*' * response to stimuli among plants. 

f T experiments you have made relating to the 

12 How ^ to gravity and light. (G.W.B.) 

12. How would you set up an experiment to demonstrate that 
r^ are positivdy hydrotropic (i.c. turn towards moisture)? What 
pi^wauUons would you take to make sure that the movements 
observ^ are not due to some other stimulus? (O. & C ) 

13. Describe three simple experiments to show the response of 

mlt ad^^^ of plants to the stimulus^of ligh/ 

^OU w„uld mak. .0 

.5. Explam conc^cly what you understand by 'irritabUity*. Give 
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illustrations from among the organisms you have studied, both plant 
and animal. (L.G.S.) 

16. ‘Sensitivity’ or ‘irritability* is one of the characteristics of all 
living things. Explain the meaning of these terms. How is ‘sensitivity* 
or ‘irritability’ demonstrated in the behaviour of (a) a seedling, and 
(6) a frog? [Details of structure are not required.] (J.M.B.) 

17. Give a brief account, illustrated by examples, of the responses 
made {a) by plants, {b) by animals, to various external stimulL 
(L.G.S.) 

18. What is meant by ‘geotropism*? How far is geotropism of 
value to plants? Explain how you could demonstrate geotropism in 
a plant organ, and make drawings to illustrate your account. (C.L.) 

19. To what stimuli do plants react? Describe thret experiments, 
each of which would demonstrate the effect of one of these stimuli. 
(Ox. & C.) 



PART V 

FOOD AS A SOURCE OF ENERGY 


CHAPTER XXI 

RESPIRATION 

Uses of food. Having discovered how plants and animals 
obtain food, we must now ask why food is so necessary. Living 
implies activity; to be alive is to be *up and doing*. Living 
also implies growth; all living things grow at some stage of 
their existence. Hence food is needed for two main purposes; 
(i) To supply the energy required for all living activities. 

(^) supply the material from which new protoplasm can 
be made, both to repair waste and to build the new cells 
necessary for growth and reproduction. 

FOOD AND ENERGY. In some ways active protoplasm can be 
usefully compared with a machine. A steam-engine or a motor- 
car requires fuel (coal, petrol) to provide the energy which 
maka it go . The fuel is burned (oxidized) somewhere in the 
i^chinc and its potential energy is set free. In the case of 
the steam-engine and the motor-car this energy is used to 
Muse movement; there arc other machines in which the oxida- 
Uon leads to the produedon of electricity or is used to supply 
hMt and Ugh t. Thu oxidation of fuel is a chemical proc^ 
(rombusUon) and you probably know something about it 
^«dy. I, always leads to the formation of waste substance 
whreh escape at the exhaust, &c., no matter being reaUy 
destroyed during combusdon. ® ' 

respiration Now protoplasm supplies itself with encrev 
W a process which, in certain ways, is similar to combusdo^ 
Livnng orpnisms consume food as an engine consumes fuel’ 
r^d^o" “ This oxida Jn. likeTomb” S 

plasm’, and must be X'erto"esrpV”-’“"°'“ 
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Respiration is the name of this process, and it is carried 
out by every living cell. It is a biochemical process allied to 
combustion, though there are some forms of respiration, called 

anaerobic, which do not depend upon 
the oxygen of the air. We turn now 
to study this process experimentally. 
ANAEROBIC RESPIRATION. Obtain 3 

little baker’s yeast. The putty-like 
mass consists of innumerable minute, 
colourless oval cells, each cell a whole 
plant, and yet so small that very little 
structure is visible, even under the 
microscope. When the yeast comes 
from the baker these cells are inactive. 

Experiment 86. Place a fragment of 
yeast in a flask which contains some sugar 
dissolved in water. Close the flask with 
a rubber stopper carrying a delivery tube. 
Let the free end of the tube dip into clear 
lime-water. Place the apparatus in a warm 
place. Very soon bubbles of gas begin to 
escape into the lime-water, which rapidly 
becomes cloudy. Carbon dioxide is escaping 
..w. 1^. from the flask. How is this being formed 

A. One yeast plant (X a, 500). ^ meaning of its forma- 

n «v^rT rklanfv 




Fio. 74. Yeast. 


B. Budding plants tion? 

Experiment 87. Obtain two thermos flasks and wash them very 
thoroughly with boiling water. Put into one some yeast in a sugar 
solution, into the other yeast in distUled water. Plug both flasks Mtb 
cotton-wool, having inserted a thermometer in each with the bui 

We find a rapid rise of temperature in the first flask, but no such nsc 
in the second. 

These experiments show that some activity is going on 
the preparauons of yeast and sugar which leads to the hbera- 
tion of heat and the production of carbon d.oxide. At ^ 
same time the yeast is growing, as is made clear by 

exercise. 
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Exercise. Remove some of the liquid used in the previous 
experiments, mount a little on a slide, and examine under the 
microscope. It contains numerous minute yeast cells and many of 
these arc actively ‘budding’, i,e. growing and giving rise to little 
outgrowths (cp. Fig. 74) which soon become full-sized new cells. 

We have provided the yeast with food (sugar) ; not being 
green, it cannot manufacture this substance for itself (cp. 
p. 62). The yeast protoplasm decomposes this sugar with the 
help of enzymes (cp. p. 126), and so obtains the energy which 
it needs for growth and all its vital activides. One product of 
this decomposition is a substance, carbon dioxide, which, being 
of no further use to the yeast celb, escapes and passes into the 
the other waste product is alcohol, which likewise escapes 
from the yeast but remains dissolved in the nutrient solution 

We may represent the process going on in these cells by the 
following equation: 


CgHijOg = 2C2H5OH + qCOj, 
glucose ethyl alcohol carbon dioxide 


• • ^ represents it too simply. The decom- 

posiuon of the sugar is doubUcss more gradual than this 
cquauon suggests, vanous intermediate products being formed 

(cp. p. 04). 


Most of the energy released appears as heat; this heat caused 
the nse of temperature observed in experiment 87. 
FERMENTATION A FORM OF RESPIRATION. The decomposition 

to holn (caUed/«WR/R(,„n [Latin./L« = 

to bod] became of the gas produced) is a process which ha, 

been known by its effect for a very long time. It cames the 
iMvenmg of bread and the conversion of grape-juice intone 
It was Pasteur who first showed that all such processes are 
due to the acUvity of some fiving organism (cp. p^ aoa) 

Fermentauon may be regarded as one fonS of respiration 
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use oxygen in their respiration, it is well to realize from the 
beginning that oxygen is not always essential. Anaerobic 
respiration is a form of respiration which takes place without it. 

AEROBIC RESPIRATION. What is the nature of aerobic respira- 
tion, i.e. of the form of respiration which needs the oxygen of 
the air? The following experiments shed some light on this 
question. 


Experiment 88. To show that oxygen is absorbed during aerobic 
respiration place some soaked pea seeds in the bottom of a large gas- 
jar. Wedge them in position by means of a disk of perforated zinc, 
and then invert the jar over a trough containing a solution of caustic 
potash. (N.B. The reason for using caustic potash instead of plain 
water will become clear later. Exp. 89.) 

Place a second similar jar side by side with the first as a controL 
This second jar contains fragments of moist blotting-paper in place 
of the peas. 

Leave the apparatus in a warm place for 48 hours. 

We find that the solution has risen in the first jar, and this shows 
that some gas has disappeared from that jar. We therefore test its 
contents with a well-lighted splint, and find that the splint is imm^ 
diately extinguished. There is no Oi^gen in it. These changes have 
not taken place in the control jar. They are due to the peas, which 

arc absorbing oxygen for respiration. 

Experiment Bg. To show that living organisms give off carbon 
dioxide during respiration we set up the apparatus shown in Fig. 75 - 
At the beginning of each experiment there arc two jars containing 
clear lime-water, while the Uving creatures under observation are m 


the central jar. , 

When aU joints arc air-tight we open the tap of the pump, ana 

came a current of air to pass through the apparatm. The entering 
air is deprived of carbon dioxide by the camtic potash, and the hm^ 
water in the first jar remains clear. The air passM on, and “ 
through the second jar. Here the lime-water becomes distinctly 
cloudy. Carbon dioxide is given of as a waste product during respiration. 


The apparatus just described may be used for many !n‘««t- 

ing experiments. Various living organisms may be 

affer the other, in the central jar, e.g. ‘‘'f gXS 

in damp moss; a live frog; soaked seeds; opemng tree or flower 



RESPIRATION 965 

buds; crocus corms; plant roots, &c. If green plants are used 
this jar must be covered with a black cloth, to stop photo- 
synthesis. For each new experiment we fill the second bottle 
with fresh lime-water, and each creature in turn reveals its 
secret. It is giving off carbon dioxide. 

Further, we may study the effect of external conditions, such 
as changing temperature, on the production of carbon dioxide. 



Fio. 75. Apparatus for demonstraticg respiration 


l^TthTce"^' this 
iTmi^t« ^ apparatus run for 

Then surround the seeds with water at 30® C. When thev 
have had a few minutes to adjust themselves to the change of 
temperature, put clean lime-water in the second iar anH^r. 
the app^atus again for .o minutes. 

beW becomes much cloudier than it did 

before. The output of carbon dioxide is incre^ed a! 

K St ASi: 

tarn well-defined limits of temperatme (cp. £4). 
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Experiment 90. Blow some of your own breath (expired air) 
through a glass tube into lime-water. The lime-water quickly 
becomes cloudy. Without a control experiment this proves nothing, 
for ordinary air contains a trace of carbon dioxide (0*04 per cent.), 

but it strongly suggests that 
human expired air is richer in 
carbon dioxide. To prove this 
set up the apparatus shown in 
Fig. 76. Place equal volumes 
of lime-water in the two flasks 
and then breathe slowly in and 
out, through the mouthpiece 
A. The air you draw in passes 
through flask 2, tliat which you 
breathe out escapes through 
flask I . The lime-water in this 
flask is soon much milkier than 
that in 2. Thus, with a proper 
control we demonstrate that 
our breath contains more carbon dioxide than docs ordinary air. 

Accurate chemical analysis has shown that we both remgve 
oxygen from the air and increase the amount of carbon dioxide 
it contains. Human being or pea seed — in this respect we 
are all ‘one flesh’; during respiration we use up oxygen and 
give off waste carbon dioxide, 2 is is shown by the following 
table: 


t 



Fio. 76. Apparatus for demonstrating 
that human beings give off carbon di- 
oxide in the breath 



Human inspired aiff 
i.e. ordinary 
atmosphere 

Expired air 

Oxygen 

Carbon dioxide . 
Nitrogen 

Water vapour 

20'93 per cent. 
003 „ 

7900 « 

a trace 

i 6'4 per cent 

4*1 » 

79-5 « 

0-6 „ 


The air which we breathe out is also warmer and moistw 
than the air we breathed in, and it contains various organic 

impurities. 
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Our need for oxygen has been well illustrated in the many 
attempts to climb Mount Everest. The chief difficulty is not 
lack of food, lowness of temperature, impossible and precipitous 
rocks, or anything of that kind, but just lack of oxygen. 

Airmen who want to fly at an altitude of 16,000 feet or above 
must carry a supply of oxygen, and it is suggested that a flyer’s 
judgement is probably improved by oxygen even at much 
lower altitudes. The flyer can carry oxygen cylinders with 
him; the energy to raise this weight comes from the petrol. 
The climber must support them himself if he wants an added 
supply, and that when his whole physical and moral fibre is 
weakened by lack of oxygen. It remains to be seen whether 
man can adapt himself to these extreme conditions. 

‘As compared with other mammals’, says Professor J. B, S. Plaldanc, 
‘man is very efficient at adaptation. Cats generally die at 14,000 feet 
while cows die at 15,000 feet and give no milk above 13,000 feet^ 

even in the tropics. There is, however, a limit even to bumao 
adaptability.* 


EJfEROY SET FREE DURING RESPIRATION. 

^erimeat 91. To demonstrate a release of energy in the form 
of h»t during aerobic respiration we repeat experiment 87, packing 
the first flask with soaked pea seeds which have been well washed in 
a weak solution of potassium permanganate (a disinfectant). The 
second flask contains seeds which have been killed by boiling in 
potassium permanganate. A thermometer is inserted among each set 
of peas, the flasks arc plugged with cotton-wool, and the temperatures 

^c read at frequent intervals. (N.B. The object of the disinfectant 

Ld p^od“ce h™, '“P"' 


In an experiment of this sort done very accurately, the 
temperature of the living peas, which started at C., rose 
to 38 G by the end of the fifth day. There was no rise in the 

(Pierce, 1912) calculated that 

ofh^iin y ljr “-593 calories 

“ u certain that aU this heat is 

produced by the peas (m spite of precautions, some of it may 
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be set free by anaerobic bacteria) , yet the experiment illustrates 
the fact that heat energy is set free during respiration. We 
know how the presence of a number of human beings can raise 
the temperature of a cold room. By suitable apparatus (cp. 

■Thermometers 

Outgoing air 


Thick Layer 
of a non- 
conductor of 
heat 

Water-Jacket 



Animal 

_ chamber with 

_ -'yir.Tl?S 51 metal waits 


Fio. 77. An animal calorimeter for measuring die heat liberated 
during respiration. We know the volume of the water and read off 
its rise of temperature. From this the heat liberated can be calcu- 
lated. (After Argyll Campbell) 


Fig. 77) we can measure the heat liberated during the respira- 
tion of any living organism. 

RESPIRATION ALSO CAUSES A LOSS OP WEIGHT; this mUSt bc SO, 

since it involves a consumption of food. If food is withheld 
from an animal, or a plant is prevented (c.g. by being kept in 
the dark) from manufacturing food, this loss in weight soon 
becomes apparent. ‘We arc all very thin*, said poor Scot^ 
writing during his tragic Polar expedition, when they had 
little food and were losing heat at a great rate. 

Experiment 9a. To show that plants lose weight during respira- 
tion, take two sets, A and B, of soaked pea seeds. The sets arc ol 
equal weight. Dry set A at too* C. and record the dry weight. Line 
a gas-jar with blotting-paper, place the seeds of set B between the 
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paper and the glass, keep them moist, and leave in the dark to grow. 
When the seedlings are well developed, dry them and obuin their 
dry weight. This is always Uss than the dry weight oj the ungerminated 
seeds. 


In one careful experiment the dry weight of 100 sunflower 
seeds was 7*3 gm.; of 100 ten-day-old seedlings 5-7 gm. This 
a loss of approximately one-fifth (20 per cent.) of the 
original dry weight of the seeds. 

The food was used to provide the energy for growth, for 
pushing the roots into the soil and carrying cotyledons, &c., 
up above the ground. Respiration always involves a consump- 
tion of food, and animals eat and plants assimilate very largely 
to renew the supplies they need for this purpose. 

RESPIRATION. A SURVEY. OuT experiments have illustrated 
the following facts about respiration: 


1. It is a fundamental activity of all protoplasm, taking 
place in every living cell, whether of plant or animal. 

2. Food is decomposed, generally by a process of chemical 
oxidation which sets energy free. 

3. This energy is set free for the use of the protoplasm, each 
cell obtaining its own supplies. 

4. In all aerobic respiration oxygen from the air is consumed. 

5. Carbon dioxide and other waste products, c.g. water, arc 
formed and given off to the surroundings. 

6. The process goes on continuously, so long as the ccU is 
alive. 

7* Weight is lost as the result of respiration. 


Thu proccM of respiration furnishes the driving power by 
which protoplasm keeps itself alive. All work involves the 
«pend.ture of energy, and without work (activity) there is 

obtiincd.^“’’‘’^““°“ “ '"'■'ey “ 

ALL ENERoy IS DERIVED PROM THE SUN. Respiration release. 
Mcrgy, but what u the ultimate source of this energy on which 
We depends? Its immediate source is, of couiec, tK food uTat 
jerves i. fuel. But food is the product of green ^lam feUs and 
the sun s energy u essenUal for the first stage of its production 
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From this point of view sugar is simply ‘bottled sunlight’; all 
green plants store energy in the course of making food. Since 
in all processes of respiration, wherever they occur, energy is 
obtained by the oxidation of food, it is obvious that the energy 
so set free was originally derived from the sun. 

Another fact to notice is that green plants have two sources 
of energy — they obtain some dircedy from the sun, and they 
release some from their food in the course of respiration. 
Animals, for all their major activides, can only use the latter 
source of supply. 

COMPARISON OF ANAEROBIC AND AEROBIC RESPIRATION. All respira- 
tion is a decomposition of food accompanied by a release of energy. 
The chief difference between anaerobic and aerobic respiration is that, 
in the latter, oxygen is absorbed from the atmosphere and used in 
the chemical processes that take place. This oxygen enables the 
protoplasm to bring about a more complete decomposition of the 
fuel than is possible without it. When yeast breaks down sugar, for 
example, alcohol is one of the waste products formed. Now alcohol 
(e.g. methylated spirit) still contains a considerable amount of energy 
that could be transformed to heat, as any one will realize who has 
used a methylated-spirit stove. 

In aerobic respiration sugar is oxidized completely to carbon 
dioxide and water: 

CflHiaOa+eO, = 6H,0+6C0,. 

instead of 

= aC,H60H+2C0,i 


which, as we have seen, represents alcoholic fermentation. ^ 

This oxidizing of a given weight of glucose to carbon dioxide and 
water furnishes twelve times as much energy as is obtained by 
decomposing it into carbon dioxide and alcohol. It is, therefore, not 
surprising that respiration is usually aerobic; indeed animals, as a 
rule, die very quickly if deprived of oxygen. Yet there are a few 
internal parasites, e.g. threadworms, tapeworms, which seem to e:^t 
without oxygen; and even in the higher animab the muscle cells, 
which bring about all the animal’s movements, begin ^e aecompwi- 
tion of their fuel anaerobically; oxygen is only used m the latter 


stages of this process. r a. 

Plant cells arc not killed so quickly by the absence of oxygen, as 

the following experiment shows. 
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Experiment 93. To show that pea seeds may respire anaerobically, 
fill a test-tube with mercury, and invert it over a dish of mercury. 
Introduce two or three soaked pea seeds into the mouth of the tube 
and keep the apparatus warm. The tube gradually filk with gas, and 
level of the mercury falls. This gas has obviously been given 
off by the peas. If we now introduce a fragment of solid caustic 
potash into the tube we find that the gas is immediately absorbed. 
The mercury rises once more until it nearly filk the tube. From this 
we Icam that the gas given off by the peas was carbon dioxide (for 
caustic potash absorbs this gas). There was no air in the test-tube 
at the beginning of the experiment. The peas have been respiring 
anaerobically. 

It seems probable that anaerobic respuation may occur for a time 
in all plant cclk that are deprived of oxygen. It often takes place 
in seeds before their thick coats (which keep out the air) are ruptured. 
It may occur in the centres of large fruits, in woody stems, &c.; in 
short, anywhere where oxygen cannot reach the respiring celk. 

Facts such as these have led to the belief that the early stages of 
all respiratory processes arc similar. The fuel is certainly not decom- 
posed directly into carbon dioxide and water, as the equation given 
above would suggest. The process as it occurs in living cclk is much 
more complex than that, the decomposition taking place in successive 
stages, so that various intermediate products are formed. It seems 
quite possible that all respiration begins anaerobically but, when the 
dcromposition has reached a certain stage, the products formed are 
oxidized if the respiration is aerobic, this being the stage at which 
oxygen from the air is required. 


RESPIRATION AND BREATHING. Ouf Study of respiration, 
someumw called ‘tissue respiration', has shown that it is a 
biochemical proct^ carried out by aU protoplasm. We shall 
therefore not fall into the common error of confusing it with 
br^thing. Breathing mechanisms arc the arrangements by 
which respmng cells are supplied with oxygen and get rid of 
the w^te substances formed. Breathing, i.e. inhalation and 
oAalation, arc only the preUminary and final stages in the 

“'Chanisms wiU 

form the subject of succeeding chapters. 


QUESTIOTiS OAf CHAPTER XXI 

For questions on respiration see questions to Chapter XXV, 





CHAPTER XXII 

HOW OXYGEN REACHES THE LIVING 
PROTOPLASM IN PLANTS 

Plants and animals compared. An inspection of the plants 
and animals around us shows how different are the two in form 
(cp. p. 134). A plant (think of an oak tree) has a branching 
spreading body, and an enormous surface compared with its 
volume. An animal (think of a man or even an elephant) has 
a compact body, with a comparatively small surface and many 
deep-seated tissues. The plant is fixed and firmly rooted, the 
animal capable of locomotion. These differences in form arc 
accompanied by great differences in the respiratory mechan- 
isms. In the animal arrangements for bringing oxygen to cells 
which are far away from the surface must be much more 
elaborate than they are in plants. 

RESPIRATORY MECHANISMS IN PLANTS 

WATER PLANTS. If any organism lives totally immersed in 
water it must obviously absorb the oxygen it requires in 
solution. Submerged water plants have permeable skins (cp. 
p. 83) and can absorb oxygen through their whole surface. 
No elaborate respiratory mechanism is needed. 

The algae are typical water plants, and, as we have learned 
already (Chapter IX). they are simpler in structure than 
are the plants which live on land. In addition to the algae, 
certain flowering plants arc to be found growing in freshwaty 
ponds and streams, c.g. water-buttercup, water-miJfoU, pond- 
weed, arrowhead, &c. It seems likely that these arc not to 
be thought of as true water plants. Their ancestors 
certainly lived on land, but these plants have become graduaUy 
adapted to life in water. Some five completely submerged; 
they possess very thin or very finely divided (and therefore 
absorpuve) leaves; they have no cuticle and no 
stomates being organs for gaseous diffusion (cp. p. 105). 
have here an example of a very widespread biological law. I 
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any part of a living organism is rendered useless by a change 
in the mode of life of that organism, the useless part tends to 
become reduced (vestigial) or even to disappear altogether. 
These submerged flowering plants provide further examples of 
the same rule. They usually have a very poorly developed 
conducting system; if the whole surface absorbs, it is obvious 
that conduction of water becomes, to a large extent, un- 
necessary. Their roots are similarly reduced to mere fixing, 
rather than absorbing organs, and possess few or no root- 

hairs; in some pond-weeds the root itself has almost entirely 
disappeared. 

Another group of aquatic plants, as we shall sec later (cp. 

277) > ^ve partly submerged, but bring some organs above 
the water, where they arc exposed to the air. Thus they are 
hvmg tn two very different environments (cp. Fig. 70), and 
obtain oxygen partly from the water and partly from the air. 

Exercise. Examine and draw plants of milfoil, pondweed, &c. 
Examine also a transvene section of the stem of a water plant, as 

seen under the m.crcwcope, and compare the conducting sj'sicm vriih 
the same system in the land plant, e.g. sunfiower * ^ 

submerged water plants dry up'vcry quickly when 

consider how their imperious cuticle 
protects land plants from a similar catastrophe. 

LAND PLAtm. Land plants obtain oxygen by diffusion from 
Ac surrounding atmosphere. Very rarely such planu (e g cer- 
^n moss«) may absorb air over their whole surface. Usually 
however, the epidermis of Aeriarwur plants and of the leava 
and young stems of woedj, planu is cutinized (cp. p. ion) and 
hence impervious. But it is penetrated by stomata (cp. plg 24) 

In woody pmnniab the epidermis of the young stem is 
gradually replaced by corky tissue (cp. Fig. M3). Corri, a 
very tmperv.ous and resistant substance (hence i^ iLe for 
closing botda). It pves excellent protection to the undcrlyiL 
hving cells; but such cells must be suppUed with oxygen and 

c-k for 
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LENTICELS. 

Exercise. Examine and draw twigs of woody plants, c.g. hone- 
chestnut, beech, birch, elder, &c., and observe the tiny circular or 
oval patches scattered irregularly on the surface of the stems. These 
are lenticcls, or respiratory pores by which oxygen reaches the under- 
lying living cells. If we strip off the corky layer from a twig of elder 
we notice that the lenticcls pass right through the cork, to communi- 
cate with the air-spaces which lie beneath. 

Lenticcls may also be recognized in an ordinary bottle cork 
(obtained from the cork oak). Notice that the cork b so cut that the 
lenticcls pass across it, not down its length. The reason is obvious. 
Lenticcls are formed on woody roots as well as on stems. 

We learn that while water plants absorb oxygen through 
their whole surface, land plants have special apertures, stomaUs 
and lenticels, through which the oxygen necessary for respira- 
tion diffuses inwards and the carbon dioxide formed can 
escape (cp. p. 265), 

INTERNAL DIFFUSION OF OXYGEN. Plant cclls are not tightly 
packed. Internally there is always a ventilating system, formed 
of a labyrinth of tiny intercellular spaces. These all communi- 
cate with the external atmosphere through the stomates and 
lenticels. 

Experiment 94. To demonstrate the existence of air in these 
internal air-spaces, dip leaves, portions of stem, woody twigs, &c.» 
quickly into very hot water, and notice the escape of aii bubbles. 
If the cut ends arc covered with plasticine before immersion, the 
escape of this air through stomates and lenticcls becomes even more 

clearly visible. , 

Being heated, the air in the internal ventilating system expands 

and escapes where it can. 

We learn that oxygen, entering by stomates and lenticels, 
can circulate through the ventilating system of the plarit, just 
as this gas, entering by the open windows of any building, 
diffuses through rooms and corridors. But in plants the proto- 
plasm is not in direct contact with this internal atmosphere. 
Each protoplast is shut up within a ceU wall. How docs the 
oxygen actually reach the living, respiring protoplasm? 
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OXYGEN PASSES THROUGH THE CELL WALL IN SOLUTION. Wc 
have already discovered that only substances in solution can 
pass through plant cell walb (cp. p. 8i). This is as true of 
gases as it is of solid materials. In plants the cell walls abutting 
on the internal air-spaces are always wet. Oxygen gradually 
dissolves in this moisture and, in this condition, passes as 
required into the living protoplasm (cp. Chapter X). Waste 
materials (e.g. the carbon dioxide formed during respiration 
or the oxygen set free during photosynthesis) escape in a similar 
manner. 

We sec that, even in the land plant, gases (oxygen, carbon 
dioxide) must be dissolved in water before they can reach the 
protoplasm. In this important respect land and water plants 
are ultimately alike. 

TWO ACCESSORY SOURCES OP OXYGEN. Before we leave the 
subject of the supply of oxygen to plant cells, we must remem- 
ber two further sources of supply. Firstly, the green cell is 
assimilating during daylight and setting free oxygen as a waste 
product (cp. Chapter VI); some of this surplus is usually 
retained and used for respiration. Secondly, the root of the 
land plant absorbs water, and this water may contain a certain 
amount of oxygen, so that a little oxygen reaches the cells 
of the root in this way. Plants do not thrive in poorly 
aerated soils. 

OXYGEN ESSENTIAL TO HEALTHY GROWTH. OxygCH is HS 

essential to plants as to animals, as the following experiment 
will show. 

Experiment 95 . To show that oxygen is absolutely essential for 
healthy plant growth, cover two wet sponges with cress seeds. Suspend 
each sponge in a wide-mouthed bottle, having placed a little 
gallic acid (which absorbs oxygen) at the bottom of one bottle. Cork 
both bottles tightly, and leave in a warm place. The sc^ m the 
atmosphere devoid of oxygen grow hardly at all (anaerobic rcs^ra- 
tion may provide enough energy to make some just sprout). 
supplied with osygen grow well. 

MARSH AND WATER PLANTS. SomC plants of pond, flVCT, 

marsh obtain oxygen (and carbon dioxide, cp. Chapter VI) 
from two sources. These pond and river plants are only partly 
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submerged; some of their leaves float on the surface of the 
water (e.g. water-lilies, slarwort, &c.), or even stand up in the 
air (c.g. arrowhead). 



•Aerial Leaves 
and flowers f 


Floating 

Leaves 



Fio. 79. Some Aquatic Plants, A. Duckweed, free-floating. B. Pond- 
weed, completely •ubmerged. C. Arrowhead. D. Waier^owfoot, each 
with submerged, floating, and aerial leaves. (All reduced) 

The two types of leaf may be quite different in structure, 
conforming to the two environments. This b well seen in 
arrowhead and water-crowfoot (cp. Fig. 79). 

Exercise. Examine a plan, of the water-crowfoot. Notice the 
fccly divided submerged leaves and compare that with the float- 
tog laves. Remember that in the latter there are s.oma.es to 
'Ptoennis. while the former have large air-spaces and no 
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Such a plant is truly amphibious. Its under-water parts 
absorb oxygen in solution. It enters the aerial parts by gaseous 
diffusion. 

Air contains 2 1 per cent, of oxygen, i.e. in a litre of air there 
are 210 c.c. of oxygen. A litre of air-saturated water, on the 
other hand, only contains 5-10 c.c. of oxygen at ordinary 
temperatures. Hence many water plants experience dilBculty 



Fig. 80. "1 ransvcriC sections of parts of water and marsh 
plants, to show air-spaces. (Cells are represented by the 
white portions; veins are shaded.) All X 5. A. Stem of 
pondweed. B, root, and, C, petiole, of white water-lily. 

D. Leaf of water-lobelia. E. Stem of flowering rush 


in obtaining this gas. hlarsh plants, whose lower parts arc 
buried in stagnant mud, have to contend with the same 

difficulty. 

Exercise. Examine transverse sections of the stems, roots, and 
leaves of typical water plants, such as floating pondweed (Pot^o- 
geton), white water-lily, See., and try to discover how they d^er from 
corresponding sections of land plants. In addition to the difference 
noted on pages 272 and 273. 've find that such plants have unusually 
large air-spaces, often so large that they are visible with a lens or 

even to the naked eye. 


AIR-SPACES AS A SIMPLE RESPIRATORY MECHANISM. 'niCSC 

.paces not only give lightness and buoyancy to the 

they are reservoirs of oxygen. Much of the waste a^g 

formed during photosynthesis collects m these spaces, instead 
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of escaping. One observer found that the air in the inter- 
cellular spaces of pondweed might occasionally contain as 
much as 45 per cent, of oxygen. This oxygen can be used for 
respiration, the air-spaces acting as respiratory organs. 

RESPIRATORY ORGANS IN MARSH PLANTS. Marsh plants often 

suffer from a shortage of oxygen, and a few such plants possess 
real respiratory organs. In the purple loosestrife, for example, 
special aerating tissue is developed on the submerged parts of 
the plant. This tissue, visible as white, spongy swellings on 
the surface of the root or shoot, brings oxygen to the living 
cells embedded in the stagnant water in which these plants 
live. Hence these swellings arc respiratory in function. 

In descriptions of tropical vegetation we often read of the 
impenetrable swamps that fringe the mouths of great rivers 
and line the shores of tropical seas. Mangroves are the typical 
plants of these water-sodden areas. They are trees endowed 
with special arrangements for catching oxygen. 

The parts above ground have peculiar large lenticcis which 
communicate with large intercellular spaces, while from their 
underground parts erect respiratory roots arc sent up to the height 
of a foot or more above the surface of the swamp. These roots 
arc true breathing organs. They radiate out in rows from the 
tree, making the jungle even more impenetrable; these rows 
of aerial roots mark the position of the horizontal submerged 

roots from which they spring, and to which they convey 
oxygen. ' 

RESPIRATORY MECHANISMS IN PLANTS. A SUMMARY. With a 

few rare exceptions plants cannot be said to have any respira- 

tory mechanisms. They depend on two physical facts for their 
oxygen supply: 

I. The fact that oxygen is soluble in water and that, as a 
consequence, water in contact with air always contains 
some oxygen. This water, with the dissolved oxygen, can 

S',',,?'"'"” 

“■ ‘‘’mi •*’' phenomenon known as 

^ffusion. Their molecules are always in motion, and tend 

to spread out, passing freely through quite small apertures 
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such as stomates and lenticels, and remaining in constant 
motion even in the narrow intercellular spaces found in 
all plant tissues. 

QJJESTIONS ON CHAPTER XXII 
For questions on respiration sec the questions to Chapter XXV. 



CHAPTER XXm 

BREATHING MECHANISMS IN ANIMALS 

I. AQUATIC ANIMALS 

Animals without a breathino mechanism. The simplest 
animals have no special respiratory mechanism. They absorb 
oxygen through their whole surface, as aquatic plants do- 
Such are the amoebas and other unicellular forms, called 
Protozoa; also the hydras, sea-anemones, jelly-hsh, &c. (mem- 
bers of the Coelenteratc group). In all these creatures the 
body wall is only tw-o cells thick (cp. Fig. 31), and every ceU 
of the body is near enough to the water to get the oxygen it 
requires directly; no special respiratory mechanism is neces- 
sary. There are some still higher forms which have no 
specialized breathing organs, but usually the higher types of 
aquatic animal possess special organs for oxygen absorption 
These structures are called gills. 

animau with oilu. Gills arc organs for faciUtating the 
absorpuon of oxygen from water. UsuaUy they are deUcatc 
Iblds of membrane which, projecting into the water, greaUy 
mcrease the area of the surface through which oxygen can 
pass. (We may here recall the function of root-ha^ in in- 
crewing the water-absorbing area of the root.) (Cp. p. 89.) 

Very simple gim are seen in the common starfish, where they 
hang out into the water as numerous transparent processta 

m ^x ter^*r^ a" ‘he simplest possiL -skin' 

or external ,^ls, and they aid in the absorption of oxygen. 

Gill, provjde ^e large surface through which the necess^ 

Kc^ ^f “yeen must be ca 3 

u the cells of the body, however far removed these mav he 

from the source of supply, before it can be used for^ue 
rcspirauon. How is this done? 

TRANSPORT IN THE ANIMAL BODY 
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which is not ve^ different from the water in which the animal 
lives, usually it is of complex composition, containing a respira- 
tory pigment (e.g, haemoglobin; cp. p. 306) with a great 
affinity for oxygen. Such are the fluids that we call blood. 

As the blood flows through the g^lls of at^uatic animals it 
absorbs oxygen with the aid of its respiratory pigment; then 
it passes on, carrying this gas all over the body. The body cells 
use it for oxidizing food and releasing energy (dssue respira- 
tion). The blood passes back to the gills, where its oxygen 
supply is renewed. We may therefore regard the circulatory 
system of the higher animal as a part of the whole respiratory 
mechanism. It is, of course, carrying food as well as oxygen 
to the respiring cells. 

ANIMALS WITH GILLS AND A CIRCULATORY SYSTEM. Thc fishcf- 

man’s lobworm (cp. Fig, 81) is a very common object on the 
sandy seashore, where it lives in burrows. Its spirally coiled 
castings, seen at low tide, are formed of sand which thc animal 
has swallowed in the course of its burrowing, and which has 
passed through its alimentary canal (cp. earthworm, p. 151). 

Exercise. Examine one of these worms, which fishermen use for 
bait. Notice the following facts: 

(a) The body, which is from 8 inches to a foot in length, is divided 
into many similar segments. 

(b) The middle thirteen segments arc clearly marked off from thc 
front ‘head* and the hinder ‘tail* segments by the possession 
of tufts of branching reddish, thread-like processes. These 
outgrowths of the body wall arc the gills, of which there are 
thirteen pairs on the underneath (ventral surface) of the 
animal. 

(e) The red blood may be seen shining through thc walls of the 
gill-filaments, for thc animal has a simple circulatory system. 

We have here, then, a respiratory mechanism with two sets 

of organs: ^ . . j 

1. Gill-filaments, through which oxygen is absorbed and 

carbon dioxide eliminated. 

2. A circulatory system, which carries this oxygen to all the 
living cells of the body and removes the waste matenals 
resulting from their various activities. 
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In such an animal as the lobworm we have advanced a long 
way from that simple intake of oxygen through the whole 
surface which is found in the more primitive forms of aquatic 
life. But a third refinement of the breathing mechanism 
remains to be discussed. The animals so far described have 
been dependent on currents in the water, or on their own 
movements through it, for bringing up fresh supplies of oxygen 



to Ac glib. The highest ‘water breathers’ are not restricted 
to this rough and ready method of obtaining supplies, but keep 
a continuous current of water flowing over tbeir giUs by their 
own denmte and regular breathing movements. 

l^^LS Vmo EXHIBIT DEFINITE BREATHINO MOVEMENTS. 

This threefold system represents the highest type of aquatic 
rrapirato^ mechanism. No written description wiU enable us to 
picture these inhalatory movements; they should be studied on 

°PPorhuiity occurs. Minnows, 
suckleback, goldfish, &c., can be kept in a small aquarium and 
serve to mustrate the breathing movements of a typical &h 
Most mtermung to watch are the leg movemmU of crabs 
lobsters, crayfish, &c., by which they maintain a steady current 
of water over their gills. Outgrowths from the upp J e™ 

ov«°di?SlI pans of legs continually bale water for^d 
over the gill-filaments. These gills are not visible in the living 
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animals of this group, but are soon found in a dead specimen. 
They are brush-like structures on the sides of the thorax, 
covered by nvo armour-like plates of that hard crust (exo- 
skeleton) in which the whole animal is invested. 

Elicperiment 96. By means of a pipette introduce a few particles 
of carmine or a little Indian Ink into the water just behind the gill 
covers of a live crayfish (in a shallow dish of water). 

Find how long it takes for the coloured particles to be washed out 
again just behind the antennae of the animal. 

Elxercise. Examine a crayfish or lobster, both living and dead. 
Find the hard carapace which covers the gills. Remove a gill, and 
draw it under water. 


THE RESPIRATORY MECHANISM OF A TYPICAL FISH 


BREATHING MOVEMENTS. Fishes are masters of river and 
ocean, as are mammals of the land, and birds of the air. 
Watch a minnow or goldfish in an aquarium, observe the 
continual opening and shutting of the mouth, and time these — 
its breathing movements. The mouth being open and its floor 
depressed, the cavity fills with water. It then closes the mouth 
and entrance to the gullet (food canal), at the same time raising 
the floor. In this manner a current of water is driven over 
gill-filaments. These structures cannot be seen in the living 
goldfish or minnow; they are on the sides of the throat, but 
are covered by a protective operculum, which can be seen to 


move gently (cp. Fig. O4). 

THE GILLS OF FISHES. In all fishes the back of the throat 
pharynx) is pierced by a series of gill-slits, usually four or five, 
through which the respiratory current flows. Between mese 
slits are gill-arches, supported by bars of cartUage wluch form 
a part of the skeleton. The membrane covering ^ch arch is 
thrown on both sides into numerous folds— the gill-filamcnts 
(cp. Fig. 82)— which are the actual organs of g^eous exchange. 

There arc roughly two types of gill structure in fishw- n 
more familiar bony fishes, such as haddock, 
the partiuons (septa) which separate the actual P 
,0 tL that Utey are completely masked by the 
The whole giU-apparatus in these fishes u. covered and 
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protected by an operculum, which has a folded membrane, the 
branchioslegal membrane, along its outer and posterior edge. 
This can be forced against the side of the fish so as to close the 
aperture while water is being inhaled (cp. Fig. 84). 

In the cartilaginous fishes the gill-slits arc uncovered, and hence 
visible on the sides of the throat (cp. Fig. 85). The breathing 
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Fio. 82. ILLU^RAT,N0 THB FoRMs OF Gius. A. One gill of crayfish 
(after Dakin). B. Gill of a bony fish, seen from the side 


movements of such a fch (c.g. dogfish, skate, &c.) arc most 
interesting and sliouid be studied in some marine aquarium 
the fish circulation, a fish, like every vertebrate animak 
possesses a heart which by its contractions keeps the blood in 
mouon. This heart has two main chambers, an auricle and 

VlTf' 1 blood 

backvTard'flol''’^'^'*- P-ent any 

vii'l! 'h' fine capillary 

vesseb in the gill-filamcnts, where it is only separated from tl« 

respiratory current of water by very thin m" mbrancs dI" 

solved gases are exchanged between the blood and the sca- 

SrJT dioxide excrei:^. 

The blood, now nch m oxygen, passes on to all parts of the 
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body, the larger blood-vessels eventually breaking up into fine 
capillaries among the tissue cells. 

Here once more there is an exchange of dissolved substances, 
the blood giving oxygen (and food, cp. p. 261) to the tissue 



cells and removing waste products from them. The 
join up once more to form veins and the blood is tato to * 
heart, which contains only deoxygenated blood, ne hear 
contracts and drives this blood once more mto the 
We see that by such a circulatory system the 
from the sea-water in the organ of respirauon (the plb) « 
carried by the blood to the body cells, where it is 
tissue respiration. Each ceU oxidizes enough food to supp y 

the energy for its various activities. 




THE EXTERNAL FEATURES AND METHOD OP LOCOMOTION OP A 


TYPICAL FISH. 

Exercise. Observe and make sketches to illustrate the structure 
of any bony fish, such as a haddock, sprat, or minnow. Notice the 
smooth torpedo-like body, divided into head, trunk, and tail. Its 
stream-lined shape fits it admirably for easy motion through water. 



Fio. 84. The external features of a bony fish (haddock). Observe 
the nasal apcraiurcs (n.a.), the eye, the operculum (e^.), and bran- 
chiostegal membrane (br.m.) covering the gills; paired fins (pectoral, 
p/., and pehde, po.f., the latter being very far forward); median fins 
(a./.*, a./.*, rf./.») including the caudal fin; the anal (0), repro- 

ductive (^), and urinary (u) apertures. In this region the trunk (with 
coelom) merges into the solid, muscular tail 


Observe the large mouth, edged by folds which enable it to be 

very tightly shut; the two nostrils, each with a double aperture (these 

do not communicate with the mouth, i.c. there arc no internal nares) ; 

the lidless eyes, covered by a thin, transparent skin. No cars arc 

internal cars (cp. p. 234), and these are em- 
bedded in the bones of the skull. 

Now find the anal, reproductive, and excretory apertures, all very 
dose together on the ventral surface. These mark the mci^g of 
the hollow trunk (containmg the body cavity or coelom) into the 

solid, muscular uil. The taU is the chief organ of locomotion. The 

fah swii^by twisting it from side to side with a somewhat screw-like 
action. (Roughly xve may compare the movement with that employed 

TK a single oar at the .tern ) 

The tad ends m a large median tail fin, typically two-lobcd 

are «v.ral other median fin, on both ^.aal LTvemSi 
surface (the exact number and arrangement vary from snecies to 

Ind ^ ^®ve two sets of paked fins-pectoAl 

P VIC which correspond in position to the paired limbs^of land 
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vertebrates. Find these fins and observe their structure. AJI fins are 
fonned of delicate folds of skin stiffened by little rods of skeletal tissue. 
Ihcy arc all used in swimming. The tail fin moves with the tail! 
acting M a screw’ propeller and also as a rudder for steering. The 
paired fins may also be used for steering and even, especially during 
slow movement, for swimming. They are chiefly used, however, for 
ascending and descending and to preserve balance. The median fins 
act somewhat like the keel of a boat; they make the fish deeper (as 

compared with its width) and help it to maintain a straight course, 
preventing sideways slip. 



Fio. 85. The external features of a cartilaginous fish (dogfish). Observe 
the moutli, eye, spiracle, gill-clefts opening directly to exterior; paired fins 
(pl-f. is the right pelvic fin, the right pectoral fin b in front of it); median 
fins including the caudal fin (c.f .) ; and the long, solid, muscular tail (extend- 
ing from pi-/, to posterior end) 


Observe next the very characteristic overlapping scales, kept moist 
and slippery by mucous glands in the skin, which give the fish so 
smooth a surface. These grow with the growth of the animal, and 
are often ringed. These rings arc used by fishermen (e.g. salmon 
fishers) to estimate the age of a catch, since a new one grows every 
year. 

Finally, study the gill-apparatus. Observe the operculum and the 
branchiostcgal membrane along its edge. Raise it and notice and 
count the gill-clefts with their gill-filamcnts. Pass a seeker or a glass 
rod through a gill-cleft into the mouth. Open the mouth, observe 
and sketch the internal aspect of the gill-slits, and notice the gill- 
rakers which strain the water and prevent food from escaping in the 
respiratory current. Notice the small, fixed tongue and the many 
small teeth. Observe the arrangement of the latter. Do they only 
edge the jaws, as do those of a mammal? 

Now make a similar examination of tlie external appearance and 
gill-slits of a cartilaginous fish (e.g. dogfish or skate). Notice particu- 
larly the absence of an operculum, the exposed gill-slits, the spiracles, 
and the sharp tooth-like scales. 
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Exercises 

Obtain the head and shoulders of a cod or other large, bony fish. 
Observe the lidicss eyes, nasal apertures, mouth, scales, teeth, &c., as 
before. Identify the operculum and the branchiostegal membrane. 
Lift it and examine and draw the gill-apparatus. Look inside the 
mouth, count the gill-slits on each side, identify the gill-filaments and 
the gill-rakers. Cut out one of the gills carefully, place it in water in 
a watch-glass, and draw. 

Observe the movements of bony and cartilaginous fishes in an 
aquarium, and compare their actual movements with the account 
given in the previous exercise. Though this general account is true, 
there are marked individual differences between the different species. 
Do not therefore rely on this description, but observe the movements 
of some given fish for yourself. 

Observe also their respiratory movements and make careful notes 

of what you see. Compare these movements in bony and cartilaginous 
fishes. 


respiratory mechanisms in aquatic animals, a summary. 
As wc pass up the scale of life from the simple to the more 
complex animals, we find breathing mechanisms becoming 
more elaborate, as do digestive organs (cp. p. 159), nervous 
systems (cp. p. 208), &c. We have examined four types 
of breathing mechanism in aquatic animals: 

A. Oxygen is often absorbed through the whole surface of 
the animal, e.g. Amoeba, Hydra, jelly-fish, 

B. Some animaU have simple ‘skin-gills’, which increase the 
absorptive surface, e.g. starfish. 

G. Some have gills combined with a circulatory system. 

^xygen is picked up by the blood as it flows through 

the gills, and is then carried on to the body cells, e g 
lobworm, Nereis. ^ 

D. The most advanced aquatic animals keep a current of 
water flowing over their gills by definite inhalatory 
movement The water brings up fresh supplies of 
oxygen. This oxygen passes into the blood as it flows 
through the gill-filaments and is carried away to the 

shXt lobsters. 


4061 


K 
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Many fishes lead extremely active lives. Marked fishes have 
been recaptured hundreds of miles from the place where they 
were released after marking. The story of the journey, half 
across the world, on which the European eel sets out when it 
has reached maturity is told in another chapter. Watch the 
fish in an aquarium and notice how active some species are. 
Such activity would be impossible without an efficient 
mechanism for supplying oxygen to the living protoplasm. 

QUESTIONS ON CHAPTER XXIII 
For questions on this chapter sec the questions to Chapter XXV. 



1291 ) 


CHAPTER XXIV 

BREATHING MECHANISMS IN ANIMALS {continued) 

II. LAND ANIMALS 

Respiration op land animals. Land animals capture oxygen 
m gaseous form. Like aquatic animals, they show great 
vanauon in their breathing mechanisms, some of these being 
extremely simple, others much more elaborate. 

animals with no specialized respiratory mechanism. 
pome land animals possess no special breathing organs. This 
IS not only true of minute forms of life; even such a compara- 
tively higWy organized creature as the common earthworm 
has no defimte organ for absorbing oxygen. It has a wet, 
suppery skin, kept permanently moist by secretory cells which 
«ude the necessary liquid (cp. p. 154). Oxygen dissolves in 
hquid and paaes through the skin, being absorbed by the 
whole surface of the animal. Just under the skin is a network 
01 hnc tapillaries, through which Hows the blood, a liquid 

^mll isdrl j'.*'“°elobin (cp. p. 306), which, in^his 

here and distributes it wherever it is required. W^rXe 
why earthworms can only flourish in moist soils. 

TRACHEAE. Imects are the most numerous of all air- 
breathing ammals, and they often lead extremely active 

l^Tthc'Cc'r® of - 

the body in a system ofTaSgmb«‘'^1d“CA^^^^ wf 
represent delicate in-Dushina^ of tK. ^ 
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being called spiracles. In the typical insect they are quite 
definite in arrangement. There are seldom more than two pairs 
on tlie thorax ; on the abdomen there are usually from six to eight 
pairs; occasionally there may be as many as ten (cp. Fig. 86). 



Fio. 86. Structure of a typical insect 

The walls of the tracheae have spiral thickenings, which 
prevent them from collapsing and give them a very charac- 
teristic appearance under the microscope (cp. Fig. 87). 'Hiey 
branch continuously and eventually end in very delicate 
tubules, the tracheolcs, where the actual giving up of oxygen 

to the tissue cells occurs. ^ 

There arc special respiratory muscles in the abdommal wall 
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whose movements can be obser\'cd in the living insect. In the 
dragon-fly these movements occur about thirty times a minute. 
They serve to contract the tracheae and to drive out the con- 
tained air. Then the muscles relax and more air enters. 

We sec then that, to meet the demands of its very active 



Fio. 87. Portion of the trachea of a cockroach seen under the 

microscope 

into head, thorax, and abdomen (cp p 1=7! ^LookT“t^^ 

therefore intcresUng to comnaro th^ tl of the tissues. It is 

g to compare the two mechanisms, which, though 
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broadly similar, exhibit very important differences. In making this 
companson let us keep in mind the passive life of the plant and the 
very active life of the typical insect. 

(1) In the plant the external openings, stomates and lenticels, are 
irregularly scattered over the surface. In the insect the spiracles arc 
few in number and definite in arrangement. 

(2) In the plant the openings merely lead into irregular rhinVs 
and cavities between individual cells. In insects the tracheal tubes 
have a very characteristic structure with spiral thickenings; they 
branch continually and end blindly among the tissue cells. 

(3) The plant depends on gaseous diffusion only, the insect on 
definite respiratory movements which keep the air in circulation. 

(4) In both cases the oxygen passes into the protoplasm of the cells 
in solution. In the plant it dissolves in the wet cell-walls; in the 
insect the narrowest tracheoles appear to be filled with fiuid. 


LUNGS. All the higher animals are air-breathers, absorbing 
oxygen by means of lungs. These organs are always paired, 
and so constructed as to present as large a surface as possible 
to the air. The lung itself is merely an elastic bag; air is driven 
rhythmically in and out of this bag by the breathing move- 
ments of the animal. Blood, circulating in the network of 
capillaries in the wall of the lung, absorbs oxygen from the air 
there and carries it off to the tissues; at the same time it gives 
up its waste carbon dioxide. The lung, like the gill, indeed 
like every respiratory organ found in the animal body, is a 
structure in which the internal fluids of the body, in most 


cases the blood, are brought near to the source of oxygen over 
as large an area as possible. Air is able to pass in and out 
of the lungs freely, since they communicate by means of a 
trachea (or windpipe) with ^e back of the throat, and so 
through mouth and nose with the external atmosphere (cp. 


Figs. 3, 4). , 

Amphibians, reptiles, birds, and mammals aU possess lungs. 

Even when such animals live largely in water, as do crocodiles, 

alligators, marine turtles, sea-snakes, &c., among reptiles, and 

seals, whales, sea-lions, porpoises, &c., among mammals, they 

must come to the surface to breathe. 

A lung of comparatively simple type is seen m the frog; in 
the mammals (man, rabbit, &c.), both the lung itself (cp. 
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Figs. 4, 88) and the whole respiratory tract have reached a 
much higher stage of development. We start, therefore, by 
examining these structures in the frog. 


GLotb's 
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gVj ^Larynx 



Trachea or 
3 windpipe 


Bronchial 

tubes 


Fro. 68. Diag^ showing the structure of lungs and bronchial tube* in 
(A) ao «nph,b>an .g, frog (.omewha, cnlanjcd^, oo, 

e.g. rabbit, man (somewhat reduced) 


I..^— ORGANS OF THE FROG. The frog onlv has 
^esc lungs are hollow thin-walled sacs tht^ * r 
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leads to the glottis, a slit*like opening in the floor of the mouth. 
The circulation and respiratory movements are fully described 
in the next chapter. 


RESPIRATION IN MAMMALS 

THE LUNGS OF THE MAMMAL. In thc mammal the folding of 

the lungs is carried to a great extreme. It has been calculated 
that in man there is about i,ooo sq. ft. of lung surface in 
contact with the air. When we remember that the whole area 
of a man’s skin is only about one-thirtieth of this, we sec how 
well adapted this lung is for exposing a large surface to thc 
air, while the organ itself is tucked away within the body, 
where it is protected from injury. 


Exercise. Examine and draw the lungs and windpipe (trachea) 
of a rabbit or, better still, of a sheep. These latter can sometimes be 
obtained from the butcher. Notice that the trachea is stiffened by 
C-shaped rings of cartilage (‘gristle’). The tube is thus kept always 
open, so that air has free access to thc lungs. At thc top of the 
trachea is the larynx, or voice-box. The opening of thc larynx into 
thc back of thc mouth (thc glottis) is protected by a lid-like epiglottis, 
which is found just behind thc root of the tongue. Slit open the larynx 
and And the vocal chords. 

At its lower end the trachea divides into two bronchial tubes. 
These pass into the pink, spongy substance of the two lungs (sold 
as ‘lights’ by the butcher). Within the lungs the bronchial tubes 
divide and divide again. The larger tubules are still supported by 
small rings of cartilage. Each tubule finally ends in an air-space 
or air-sac, out of which lead a number of blind alveoli, which can 
only be seen with the microscope. The whole structure may be com- 
pared to a bunch of grapes, in which the main stem corresponds to 
a bronchus, thc branch stems to thc bronchioles, the grapes to the 

alveoli. . 

It is in thc walls of the alveoli that thc actual exchange of gaso 
occurs. Capillary blood-vessels ramify in their delicate walls, and 
as the blood, coming from thc heart, flows through these capillanes 
it picks up oxygen and loses its surplus carbon dioxide and water 


vapour 


THE CIRCULATORY SYSTEM IN A MAMMAL. Thc circulation of 

mammals is very different from that found in the fish, in tnc 
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fish the heart contains deoxygenated blood, which it pumps 
through the gills, and thence over the body (cp. Fig, 83). It is 
obvious that the pressure caused by the heart-beat will have 
been largely lost by the time the blood has been squeezed 
through the narrow gill-capillaries. 

In the mammal the heart likewise drives deoxygenated blood 


•SmaU bronchiole 
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Fio. 89. IjWiT! Structurb op Luno ts Mammal, A. Showing how 
the bronchiole end m air-sacs, the walb of these air-sacs being studded 
with alvcou (highly magnified). B. One alveolus, more highly Lgnifi^ 

showing its blood-supply 


lun^^Bii? respiratory organ, i.c. of the 

direcdy to the tissues. It is returned 
to the heart, and is driven thence all over the body The 

r^nd? d u obvious. One stroke of the pump 

sends the deoxygenated blood through the lungs- another 

•*'' “related blfo’d aU over 
In the heart this deoxygenated blood is kept quite senaratr 

issssss-as 
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right ventricle, and a left auricle which leads into the left 
ventricle; but there is no direct communication between the 
two sides. Hence the general course of the circulation is as 
shown below. 



Fio. 90. Showing the general course of the circulation in a m amm al. 
Noiice the separate pulmonary and systemic circuits 


Xhree vena cavas (two in sheep and man, as the two 
anterior vena cavas unite before they enter the heart) return 
the dcoxygenated blood from the tissues to the right auricle. 
The aorta, which leaves the left ventricle, gives off many 
branches which carry oxygenated blood to all the tissues 
except those of the lungs. The pulmonary arteries and veins 
take blood to and from the lungs respectively (cp. Figs. 90, 91). 

There is thus a double circulation in all mammals. 
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Fio. gi. The actual course of the chief arteries and veins of the rabbit 
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COURSE OP DOUBLE CIRCULATION. 

{A) Pulmonary circulation. Right ventricle-*- pulmonary ar- 
teries^lung capiIlanes-*-pulmonary veins-^lcft auricle. 
{B) Systemic circulation. Left ventricIe^aorta-> arteries of 
body ->• capillaries of the tissues ->• smaller veins-^vena 
cavas-v right auricle. 

In the course of one complete circuit a drop of blood passes 
through the heart twice, once through the right side and once 
through the left. 

THE MAMMALIAN HEART. 

Exercises 

Obtain a sheep’s or bullock’s heart from the butcher. Ask him 
to leave the ‘tubes* (blood-vessels) cut long if possible. Identify the 
apex of the heart, likewise the base where the vessels enter and leave. 
Notice the groove which runs obliquely down the front of the heart 
and separates the right ventricle, which is rather soft and flabby, 
from the left ventricle, which, owing to the thickness of its muscular 
walls, is hard and firm. This ventricle forms the apex of the heart. 

Round the top of the ventricles is a circular groove which marks 
the division between ventricles and auricles. The auricles themselves 
are quite thin-walled. Make sketches of the heart which illustrate 
the features described above. 

Identify the roots of the great veins which enter the right auricle. 
There are two in the sheep, an inferior and oru superior (anterior) 
vena cava. Notice how thin and collapsed are the walls of these 
veins. Insert scissors into the anterior vena cava and slit up the 
vein and the auricle. Wash out the heart, then open it widely and 
notice the flaps (there are three) of the tricuspid valve, a structure 
which closes the opening between the right auricle and ventricle 
and prevents regurgitation (backward flow) of the blood when the 
ventricle contracts. Try to find out how this valve acts. 

Next find and identify the pulmonary artery issuing from the right 
ventricle. Cut it off near the heart and, looking into it, identify 
the flaps of the semi-lunar valve, which guard the exit from the 
ventricle. This valve, which consists of three pockct-Iike structures, 
also prevents any backward flow of the blood. Insert scissors 
into this artery and open up the right ventricle. Notice exactly what 
is meant by the statement: 

(i) That the pulmonary artery leaves the heart at its front (an- 
terior) end. 
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(2) T^at the blood therefore pursues a somewhat U-shaped coune 
within the heart. 

Having completed the examination of the right side of the heart, 
examine the left side in the same manner. Identify the two short 
pulmonary veins which, in the sheep, enter the left auricle. In the 
rabbit there are also two, but in man there are four, two from each 
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Fio. 92. Heart of sheep from ventral side 


miSl“v rJtualSil' of ‘ho 
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t^alr^dy°secn'a^t'th*e valves, like 

a length of glass rod into the aorta and lotic^th^t 
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to - a -ininar manner and make dmwing. 
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ACTION OF THE HEART. The heart walls are formed of a 
special kind of muscle which possesses great power of contrac- 
tion. A piece of heart muscle, kept supplied with oxygen and 
nutrient material, will continue to beat even when completely 
isolated from the body. All through life the heart beats 
rhythmically, that of an adult man contracting about 70 times 
a minute, of a woman somewhat more rapidly, of a child more 
quickly still; it never rests except between the beats. The 
whole organ is not contracting simultaneously; in the mamma- 
lian heart each contraction starts in the tissue forming the 
junction between the vena cavas and the auricles. The con- 
traction then grips the auricles and they contract together; this 
is followed immediately by the contraction of the two ventricles. 
Then there is a pause during which the muscle rests while the 
auricles are being again filled up from the veins. The cycle 
then recommences. The heart is more accurate in its action 
than the finest watch, and more powerful, in proportion to its 


size, than a steam-engine. 

ARTERIES, VEINS, CAPILLARIES. The vcsscls in which the 
blood flows are of three kinds— arteries, capillaries, veins. The 
arteries convey the blood at high pressure from the heart to 
the capillaries. To withstand this pressure they have thick 
walls which contain large numbers of fibres, both muscular 
and clastic. With each beat of the heart the pressure in the 
arteries is suddenly raised and their elastic walls give a little. 
Hence, when we put our finger on an artery, we feel a slight 
expansion with each beat. This is called the pulse. 

From the large arteries the blood passes into smaller ones 
and thence to the capillaries (cp. Fig. 95). These arc so fine 
that they arc invisible except with the microscope, the bore olten 
being just large enough to allow the red blood-corpuscles to pass 
along them in single file, while the walls are as ‘J’*" “ 
skin of a soap bubble. It is through the walls of these 
that all exchanges between the blood and the ussue « ^ 

For example, oxygen, sugar, &c wh.ch are 

respiration, pass into the cells, wh^ •‘‘‘“‘tnee ^ die 

waste products pass out into the blood. J*”* 

work of the lymph, a part of the blood which can escape 
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through the walls of the capillaries and which bathes the cells 
(cp. p. 309). 

From the capillaries the blood at low pressure is collected 
up into the veins. These have thinner walls than the corre- 
sponding arteries and arc larger, as blood is passing through 
them more slowly. All the larger veins have valves set at 
intervals along their length which allow the blood to flow only 
towards the heart. These valves are pocket-like structures, 
resembling the semi-lunar valves found where the great blood- 
vessels leave the heart. 

In a few cases blood may pass through two sets of capillaries 

before going back to the heart; any such arrangement is called 

a portal system. The vein bringing blood from the capillaries 

of the alimentary canal, for example, passes in all vertebrate 

animals into the Uver, where it breaks up into another set of 

capillaries before the blood finally flows through the hepatic 

veins into the general circulation (cp. Figs. 85, 90, 100), This 

^angement allows the substances absorbed from the intestine 

into the blood-sircam to be given up again to the liver cells. 

in the frog there is a second portal system connected with 
the kidneys (cp. Fig. 100). 

THE DISCOVERY OF THE CIRCULATION OP THE BLOOD. It Will 

be remembered (cp. p. 14) that it was William Harvey. 
a famous Englishman, court physician to King Charles I. who 
showed definitely that there is a true closed circulation 
m the blood-vcsscU of animak. Harvey tells us how he 

,0 think wh«h„ there might not be a motion, a, it were, in 
a circle, • . . thu I afterwards found to be true/ 

He worked out the course of the circulation, as given above 
Ammahbus which was first published in 1 628. An mTceUent 

IS a conunuous circulation in the blood-vLds of the hirf^r 
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THE SUPPLY OF OXYGEN TO THE TISSUE CELLS OF A MA&IMAL. 

We have now studied two aspects of the oxygen-supplying 
mechanism in a mammal: 

(1) The lungs, organs for facilitating the gaseous exchanges 
necessary for respiration. 

(2) The circulatory system, by which oxygen is carried to 
every cell of the body. 

We turn now to 

(3) The breathing mechanism; by movements of inhalation 
and exhalation the air in the air-spaces of the lungs is 
constantly changed. 

RESPIRATORY MOVEMENTS IN A MAMMAL. In the mammal the 
trunk is divided into chest (or thorax) and abdomen (cp. 
Figs. 3, 4) ; the heart and lungs lie in the chest cavity, the walls 
of which are strengthened by the backbone, ribs, and breast- 
bone (sternum) (cp. Figs. 93, 131). The floor is formed by the 
muscular diaphragm, which is not flat, but arched fonvards 
(upwards in man) into the chest cavity. The lungs lie freely 
suspended in this airtight cavity, being only attached by their 
roots (cp. Figs. 3, 4). 

Exercises 

You should examine a dissection of a rabbit in which the thorax, 
lungs, and diaphragm are displayed, so that you may realize the 
relative position of these structures. Examine also a mounted 
skeleton of the rabbit and recognize the bony framework of the thorax. 

Observe your own breathing movements and those of your fellow 
pupils. Notice particularly the raising of the chest wall and the 
movements of the abdomen. 

Air is introduced into the lungs by enlargement of the chest 
cavity. This is brought about by the downward movement 
of the diaphragm and the elevation of the ribs. This causes 
an inspiration, for the pressure of the air within the lun^ 
decreases as their volume increases' and air enters through the 
nostrils until this internal pressure becomes equal to that ot 
the atmosphere. The lowering of the diaphragm ^ 

increase of pressure in the abdomen, whose walls relax, incs 

« The reader is probably familiar with that very fundamental gas law 
expressed by the equation Ff'-a Constant at any one temperature. 
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walls then contract and drive the now relaxed diaphragm back 
into the arched position. The whole action resembles that of 
a pair of bellows; expand the cavity of the bellows and air 
enters; contract it and air is expelled through the nozzle. The 
exact action is made clearer by the following experiment. 



Fio. 93. The Bony Thorax in Man. i-ia, ribs* x* 
sternum; sc the clavicle or collar-bone; behind* the 
Aoracic poruonof the spinal coluiTin (la vertebrae) and the 
first two lumbar vertebrae. Observe the socket for the arm 
and the scapulas or shoulder-blades (behind the ribs) 


close the open end of the iar hv Kin^; ^ ° 

cuu 01 me jar by binding over u some thin sheet 
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rubber fto represent the diaphragm) the model is ready for use. As 
we depress the sheet of rubber air enters the balloon; as we push it 
up the balloon empties. 

FUNCTIONS OP TIIE NOSE, One last feature of the mammalian 
breathing apparatus remains to be described. This is the long 
passage which leads from each nostril into the throat (cf. 
Fig. 4). The air is warmed, cleaned, and moistened as it passes 
along this passage, and is thus prepared for entering the lungs. 
When these functions of the nose are realized, the folly of 
‘mouth breathing’, a bad habit in which many people indulge, 
becomes obvious. 

Exercise. Examine the skull of a rabbit, dog, or sheep; identify 
the hard palate, and notice the length and structure of the nasal 
passages and likewise the bones which project into them. 

BLOOD AND ITS FUNCTIONS. In ouF Study of respiratory 
mechanisms we have constantly referred to a circulating fluid. 
All the higher animals possess a blood-vascular system; it is as 
necessary to them as is an efficient transport system to the life 
of a modern town. This fluid is not only the distributor of 
oxygen and the remover of the carbon dioxide formed by 
tissue respiration; it distributes all the substances which the 
cells require, and removes, quickly and efficiently, all the waste 
products resulting from the cell’s activities. 

The blood also performs some of the functions of a postal 
system and of a police system. It distributes certain chemical 
substances known as hormones which co-ordinate the activities 
of the various parts of the body (cp. p. 225). It plays an im- 
portant part in defending the body against disease. In warm- 
blooded animals it distributes the heat evenly over the body 
and so helps to regulate the body’s temperature (cp. p. 34 °)’ 

Blood is a fluid tissue consisting of a watery solution called 
the plasma, in which float certain living cells called corpuscles 
(cp. p. 308). Further, it contains a pigment which has an 
affinity for oxygen, haemoglobin being the commonest of these 
respiratory substances. 100 c.c. of human blood will take up 
15-5 c.c. of oxygen, while 100 c.c. of water will only absorb 
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0*7 C.C. The advantages of such a fluid as a carrier of oxygen 
to deep-seated tissues are obvious. The respiratory pigment 
is sometimes dissolved in the blood-plasma, as in the earth- 
worm. In vertebrate animals the haemoglobin is always con- 
tained in definite cells, the red corpuscles. 

VERTEBRATE BLOOD. Let US first cxaminc our own blood 
under the microscope. 


Have ready a clean glass slide and clean cover-slip. Bind up your 
first finger tightly, starling at the root and working towards the tip. 


Ped corpasc/es 
(£rythroc/te^ 


Liy/n^ /eucoqyte 


Ped cotpu^^ 



* ^ 
Bood Leucocytes 

p/ate/ets 

MAN 



Leucocyte, 
FROG 


Gpindfe cef! 

U> od^ c^Js 

yr^newT^ 


Fro, 94. Some cells from the blood of man and frog (all x 700) 

® blood coUcct in the last joint, which is left exposed. 
nn^?i? by passing it through a flame, and mVit to 

«•>«'> fall on 

tie .We, cover unmediately, and examine under the microscope. You 

ornucieriiTrari^^^^^^^^^ 

th^ best a drop of blood is ra'^id.y m„ 3 n 1 wl™ rUde 
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We see that the blood of vertebrates consists of the plasma 
and of two types of corpuscle, red and white. Plasma is a straw- 
coloured fluid, consisting of 90 per cent, water with proteins, 
salts, &c., dissolved in it. 

The red corpuscles are rounded or oval nucleated cells 
(except in the mammal, where they do not possess nuclei). 
The red pigment which they contain (cp. p. 282) readily takes 
up oxygen, and is thereby transformed to oxyhaemoglobin, a 
bright-red substance which is a loose chemical compound of 
haemoglobin and oxygen. This change takes place in the 
capillaries of the breathing organ (skin, gill, lung, &c.). The 
oxyhaemoglobin becomes haemoglobin once more, a purplish 
pigment, in the tissues to which it gives up its oxygen. 

The white corpuscles {leucocytes) ^ of which there are several 
types (cp. Fig. 94), arc amoeboid cells, capable of multiplica- 
tion by division, and endowed with pow'er of movement. They 
are the scavengers of the body ; the ability to change their shape 
enables them to squeeze through narrow spaces, and if tissue 
cells are destroyed by injury, &c., as in a wound, these cor- 
puscles literally eat up (ingest) the dead cells. Many of the 
leucocytes can ingest solid bodies such as bacteria; because of 
this power they help to rid the blood of foreign matter and 
hence form one of the best defences of the body against disease. 
Such cells are known as phagocytes (warrior cells). 

THE PLOW OP BLOOD. Vcpy good cinematograph films are 
in existence which bring vividly before the eye the flow of the 
blood-plasma and corpuscles through fine capillaries, such as 
those which we find in the web of a frog’s foot or in the tail 
of a tadpole. 

‘In the smallest capillaries, so narrow and tortuous is the passage 
that the red corpuscles march in single file. They move in the centre 
of the stream where the current is swiftest. To the outside moves 
a layer of transparent plasma ; in this a white corpuscle is occasiona y 
to be seen rolling along, sticking now and again to the wall o e 
blood vessel.' 

One of these films should be seen if possible. Failing this, wc 
may examine the circulation in the tail of a Uving tadpole. 
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Exercise. Wrap up a young tadpole very carefully in moist 
blotting-paper, leaving the tip of the tail exposed. The animal keeps 
still and may be placed on a glass slide, when we can examine the 
tip of its tail under the microscope. If the blotting-paper is kept moist 
the animal suffers no harm and the circulation of the blood in the 
fine capillaries of the tail can be observed. 



Fro. 95. A. A capillary vessel showing the flow of the blood- 
corpuscles through it (aAer Allen Thomson). B. A network 
of capillaries, as seen with the low power of the microscope, in 
the web of the frog's foot. Observe the small aneriole (left) and 

venule (right) which connect them 


I 8YSTEM. The lymph is a colouT- 

less flmd (blood-plasma) containing white corpuscles, which 
exudes from the blood-capillaries and bathes the tissues- ex- 
changes between the blood and the body cells take place 
wgely by ,ts agency (cp. p. 286). This lymph, carrying with 
It the waste products of ceU metabolism, is collected^ain into 

‘l>i”-«alled vessels, known as lymT 
capiUanM These umte to form larger lymph-vessels The 

fat IS absorbed, form a part of the same system; so do ettain 
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larger lymph spaces found scattered through the body (c.g. 
those between the skin and the body wall of a frog). 

Lymphatic glands, in which new white corpuscles arc 
formed, occur at intervals along the course of the lymph 
vessels (some of which are contractile). Finally, the lymph is 
returned into the general circulation. In mammals the largest 
vessel bringing it back is the thoracic duct, which opens into 
one of the large veins of the neck. 

In the frog there are two pairs of small pulsating vessels 
which enter the circulatory system; one pair opens into the 
subscapular veins, the other into veins returning from the legs. 
So the lymph b in every case returned into the general circula- 
tion. The whole lymphatic system is an adjunct of the blood- 
vascular system. 


QUESTIONS ON CHAPTER XXIV 
For questions on thia chapter sec the questions to Chapter XXV# 
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CHAPTER XXV 

BREATHING MECHANISMS IN ANIMALS 
III. SOME SEMI-AQUATIC ANIMALS 


Air-breathixo animals which can live in water. In 
examining the respiratory systems of animals we have studied 
some creatures that arc wholly aquatic, others that arc wholly 
terrestrial. Certain forms do not belong to either of these 
groups. There are first of all a few terrestrial air-breathers 
which live under water; familiar examples arc whales, por- 
poises, and seals among mammals, marine turtles among 
repulcs, gnats and water-spiders among invertebrates. These 
all inhale air, and usually they must come to the surface to 
renew their supply. Some air-breathers, however, have solved 
the problem of remaining permanently under water. Let iis 
examine a few of these forms. 


THE WATER-SPIDER. Spiders are land animals belonging to 
the arthropod group, and usually have tracheae or air-tubes 
for respiration just as insects have (cp. p. 291). In addition 
many have ‘lung books’ consisting of very thin, hollow plates 
of tissue, well supplied with blood, which project into an 
mtemal cavity where an exchange of gases can occur. 

Hence the typical spider is purely terrestrial, yet water- 
spiders have mken to an entirely aquatic existence, spending 
their whole life beneath the surface of ponds and sluggish 
streams. Nevertheless, they inhale air; each spider builds for 

under the surface of the water, wliich 
« skilfully attaches to some suitable water-plant. By diving 
down continuaUy, carrying with it a bubble of air entangled 
m the hairs of its abdomen, the little creature fills its under- 
water tent* with air, and so lives remote from terrestrial 
envies, absorbing the trapped air into its breathing organ. 

11m web IS often called a nest because in late summer the 
toalc spi^der deposits her eggs in it. separating off the upper 

portion of the ‘nest’ by a wall of silk; in this nunery she lays 
ucr eggs and rears her young (cp. p. 495). 
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Exercises 

Examine and draw a spider and notice the external features of 
these animals. 

Water-spiders are easily kept for a time in an aquarium; you 
should try to catch some and supply them with water-weed, when 
they will construct their wonderful ‘tents* for you before your eyes. 

GNATS AND MOSQ,uiTOES. Gnats and mosquitoes are members 
of the fly family, one of the many subdivisions of the insect 
group (cp. p, 460). Although aerial creatures, they lay their 
eggs on water, and their life-histories are full of interest. In that 
of the common grey gnat we may observe the following stages: 

(1) The eggs are laid in floating ‘rafts* on the surface of 
stagnant water. 

(2) These eggs float on the surface and in a few hours the 
larva emerges, head downwards. The larvae live immersed in 
water, yet they use air for respiration. They absorb this air 
through a tube (tail-trumpet) (cp. Fig. 96). They rest at the 
surface of the water, the tail-tube being kept just above the 
surface like the periscope of a submarine. 

(3) In about ten days and after casting its skin several times, 
the size increasing after each moult, the larva is full-grown. 
On the eleventh day it changes into a pupa, which floats head 
uppermost and obtains air for respiration by two spiracular 
openings (cp. Fig. 96), 

(4) On the fourteenth day the pupal skin is split and the 
winged insect emerges. Resting on its empty case it spreads 
its wings, and very soon it flies away into the air, where the 
remainder of its life will be spent. 

Exercise. Examine and sketch both larvae and adult insects ol 
some common British gnat. Observe carefully the structure o e 
mature insect, and compare it with the general account o msec 
structure given on p. 157. 

Eventually the female insect (gnat or mosquito) lays a raft 
of eggs and the story begins once more. All thwc creature 
have a similar Ufe-cycle, with a larva which lives in water and 
an adult which is terrestrial. Yet these animals are never truly 
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aquatic^ all through their larval life they must come to the 
surface to absorb air. 

uos(iinTOES AND MALARIA. The adult female insects of both 
gnats and mosquitoes arc blood-sucking parasites, while the 
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Fio. 96. Stages in the life-history of the gnat (Culex). Above, the mature 

insects (mate and female) 

males live comparatively harmless lives sipping the nectar of 

flowers. Towards the end of last century it was proved that 

malana is earned from one human subject to another by 

certmn mosquitoes. The story of this epoch-making discovery 
IS told more fully on p. 205, 

WATER-BREATHINO ANIMALS WHICH CAN LIVE FOR A TIME IN 

air rnay be contrasted with those just described. 

V? breathing by giUs. Examine one, if you 

water, and can shther and sHde over damp grass for many 
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miles on their long journeys to and from the sea. The story 
of these Journeys is told on p. 396. Climbing perch likewise 
can leave the water for long spells and move about on 
land in search of insects. These fish have gills, but the whole 
apparatus is so formed that, in addition to being used for 
absorbing oxygen from water, certain of the membranes 
adjacent to the gills can, at need, constitute an efficient air- 
breathing organ. 

Most bony fislies have an organ called the swim-bladder, 
an outgrowth of the gut whose chief function is probably 
hydrostatic, i.e. it helps the fish to adjust its total volume so 
that it can maintain its level in the water.* In the lung-fishes 
(also called mud-fishes) of certain tropical rivers this swim- 
bladder is two-Iobed, large, and sponge-like, and can be used 
as a true lung. These fishes have degenerate, often almost 
functionless gills. Even when immersed in water they fre- 
quently rise to the surface and fill the swim-bladder, which 
opens into the gut, with air. If the river level falls, as in times 
of drought, they depend entirely on this air for oxygen. They 
burrow into the soil and remain there dormant, encased in 
damp mud, for many months. 

‘These capsules, with the surrounding earth, have often be^ 
transported from Africa (one genus of lung-fish lives in the Gambia 
and certain other African rivers) to Northern Europe without injury 
to the dormant life within. 

‘Specimens have sometimes come out alright, even after they have 
been out of the water for nine months. A fish out of water indeed! 
{Tht Haunts oj Life. Thomson.) 


The swim-bladder of the typical fish has, in these strange 
forms, assumed all the functions of a lung, and hence these 
creatures arc largely independent of the water which must 
have been their ancestral medium. The swim-bladder is here 
seen as the forerunner of the lung (cp. p. 516)* 


* When the swim-bladder is filled with gas the tot^ 
animal increases, and vice versa. When its volume mcre^« the ^ 
displaces more water for the «mie weight and so becomes more buoyant 

(Principle of Archimedes). 
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AKIUALS WHOSE EARLY LIVES ARE SPENT IN WATER, THEIR 
ADULT LIVES ON LAND. This gTOUp, which b perhaps the most 
interesting of all, includes many animab which only become 
transformed to air-breathers as they reach maturity. The 
dragon-fly and the frog are examples of thb way of life among 
the fa mi l i ar creatures of the Englbh country-side. 


THE DRAGON-FLY 

These insects are often seen on a sunny summer’s day, 
flitting about near ponds and streams. But let one small cloud 
obscure the sun and they vanish immediately; children of the 
sun, they subside into lethargy when it b not shining. 

Exercise. Examine and draw an adult insect; its body b divided 
into three distinct r^ions — head, thorax, and abdomen. Notice the 
head, large in proportion to the body, which has t^vo prominent 
compound eyes, three simple eyes (ocelli), and two short antennae, 
^e thorax consists of three segments, each of which bears a pair of 
jointed legs. Dorsally, attached to the two binder segments arc the 
two pairs of wings. These wings are very characteristic, being thin 
and transparent, oflen highly polbhed, glistening, and beautifully 
floured. The abdomen b long, thin, and segmented. Try to 
determine the number of segments. Try abo to find the spiracles. 


THE LIFE-HISTORY. This inscct, likc nearly all its kind, under- 
go^ metamorphosis or a complete change of form in the course 

of its development, and its life-hbtory cap be summarized as 
follows : 


Larval stages. 

1. The eggs arc laid on water, oflen on or in the tissues of 
water plants. 

2. Some weeks later a minute helpless pronymph emerges 
from each egg. 

^ 3* Thb at once splits its skin (cp. pp. 39a, 403) and dbcards 
It, A small active nymph b formed. 

4. The nymphs grow, shed their skins, grow, moult again, 
and so on for nearly a year. They arc dun-coloured or 

lethargic except when engaged in chasing 
tood. They live at the bottom of ponds and streams, are flesh- 
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eaters and very voracious, living on water-fleas, worms, tad- 
poles, insect larvae, small insects, and the like. These nymphs 
or larvae are true aquatic water-breathers. They possess 
tracheae, as do all insects (cp. p. 291), but their spiracles are 
closed and air cannot enter the tracheae directly. The oxygen 
which it requires enters the animaPs body dissolved in water. 
In some forms this water is sucked in and out of a sac-like 
enlargement at the hinder end of the gut, the entrance to this 
sac being protected by fine projecting bristles which prevent 
solid particles from entering. Fine branches of the main air 
tubes are spread out over the surface of the sac, and air passes 
into them from the contained water. 

Some species have less elaborate breathing mechanisms; they 
depend to a very large extent on the absorption of air through 
the whole surface of the body. 

The adult. 

The four stages which we have just described do not com- 
plete the story of the dragon-fly’s development. The final 
stage has been pictured for us by Tennyson: 

To-day I saw the dragon-fly 
Come from the weUs where he did lie. 

An inner impulse rent the veil 
Of his old husk: from head to tail 
Came out clear plates of sapphire mail. 

He dried his wings: like gauze they grew; 

Thro’ crofts and pastures wet with dew 
A living flash of light he flew. 

5. When the nymph is full-grown it crawls up a water-weed 
into the air. Here its skin dries and splits down the back, the 
split beginning at the head end. Through this slit the adult 
animal gradually emerges, working its way out by active 
wriggling movements (cp. Fig. 97 )- It a soft, colourl^, 
helpless-looking creature, with small, creased, and use 
wings. Quickly, however, the body lengthens, the new skin 
dries in the sun, and the wings expand. Soon— m the course o 
an hour or so-the creature leaves the supporung w«d and 
takes its 6rst flight into the air. It is now adult. In this final 




Fio. 97. The Metamorphosis m the Draoon-fly, Left, observe the skin of the larva or nymph. 
This larva is aquatic and cannot fly^ olhcnvisc it does not differ markedly from the adult. There 
u no resting phase {pupa) between larval and adult stages. When it first emerges the wings of 
the adult are very small but they soon become dilated by the fluid pressure of the blood* 
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FfO. 98. Four Stages in the Development op the Frog. A. The e^. 
B. The larva ready to leave the egg jelly. C. The „ 

The fully formed tadpole, with internal gilb and a fish-Ukc arculau 

Observe the rudimentary limbs 
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Stage of its development the dragon-fly is a truly aerial animal 
breathing air by means of its spiracles and tracheae (cp. p. 291), 

Lantern slides can easily be obtained which illustrate this life- 
history and show very clearly how the dragon-fly emerges. If you 
seek for the opportunity you may be able to see the same thing on 
a film. Best of all is to do what Tennyson obviously did, to observe 
the facts for youself. 

THE FROG 

LIFE-HISTORY. This is another creature which starts life in 
the water to emerge finally on to the land. Every one is 
familiar with the masses of frog spawn which arc found in 
spring (March and April) floating on the surface of ponds and 
ditches. Each black speck is a frog’s egg enveloped in a gcla- 
^oiu covering. The egg is a single cell with a single nucleus. 
The frog is a true amphibian, starting life completely adapted 
to Uving in water, but the mature animal has lungs and cannot 
remain in water permanently without being drowned. 

Exercises 


Meet frog spawn in early spring and keep some in an aquarium. 
IJis consist of a large pudding-basin, if nothing better is avaU- 
able. must be a plentiful supply of healthy watcr-wced, and. 

frequently renewed. 

1 r j * develop there comes a stage when they like some 

^al food. A fragment of meat should then be attached to a length 

naSV morning: it may be left in 

foulw^ T u'''' removed. If these instructions arc 

Dren«^ T farther attention is ncce^ary until the creatures are 

b^^TvK " of stones. &c.. must then 

specimens of various stages in the lifc-history 
and make drawings of them, confirming the following facts. 

in ^ ” dependent on food stored 

r y, T organs and does not yet ingest food, 

a. The egg is half black and half white, the black half 

upp™. The black begins to spread over \he white «n^ 

^vision y ^ ‘ 

bto L mai ^ ^‘Eht. and ultimately 

nto a mass of much smaUcr cells. These form a hollow sphere 
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(the blastula); later a more complex structure (the gastrula, 
cp. Fig. 125) is formed. These internal changes cannot be fol- 
lowed with a simple lens, but the spread of the black hemi- 
sphere over the white shows us that they are in progress. 
There is practically no growth, i.e. no increase in size, during 
this phase of development, but continued nuclear division. 
The result is that the protoplasm is divided up into a very 
much larger number of smaller units, each of these units being 
a nucleated cell. 

/ b. Obvious growth now begins; soon the little animal 
elongates, head and tail begin to be marked off from the body, 
and it lies coiled up within the confining jelly (cp. Fig. 98B). 
Internally the alimentary canal, heart and blood-vessels, brain 
and nervous system, excretory organs, sense organs, &c., arc 
all being formed. 

I c. The animal, which is now beginning to look something 
like a tadpole, starts to wriggle within its jelly. At last, about 
a fortnight after the eggs were laid, it escapes and remains 
almost motionless, hanging on a piece of water-weed, to which 
it attaches itself by a horseshoe-shaped cement gland which we 
find on the under side of its head (cp. Fig. 98 C). This gland 
(or sucker) secretes a sticky adhesive slime. 

At the time of hatching the tadpole has no mouth and is 
still dependent on the granules of stored food (yolk) which 
were contained in the egg-cell. A few days after hatching, gills 
and then mouth appear, and a new phase of its life-history 


has begun. ^ j j 

Phase 2. The external-gill stage. The animal begins to feed am 

possesses definite respiratory organs. 

The animal now begins to move actively and to seek its 
food. The gut lengthens and gradually becomes spiraUy coiled; 
digestive glands come into action. There is a head on whicti 
may be seen rudiments of eyes, nose, and mouth. Later 
mouth is bordered by a pairy of horny jaws and has frmg^ 
fleshy lips (cp. Fig. 98 D) ; the tadpole now feeds eage^> 
water-weed. It has a well-developed tail by which it sv^. 
On the sides of its throat are three pairs ^aract^c 
branching outgrowths; these are simple skin gdls. Internally 
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there is a fish-like circulation (cp. p. 286), the heart driving 
blood through the capillaries of the gUls. The animal no 
longer depends on an intake of oxygen through its whole 
surface; during this, the external-gill stage of its develop- 
ment, it is absorbing oxygen through its simple skin gills, as 

well as through its skin. It is not yet making any breathing 
movements. ° 

Phase The Jish-like stage^ with internal gills. 

As growth proceeds the frilled gills disappear from the side 

of the tadpole's throat. Four gill-slits, rather like those of a 

hsh, have been developed between the external gills, which 

connect the cavity of the pharynx with the exterior. Gill- 

filamenu line the slits and blood begins to flow through the 

capillaries of these filaments. In Fig. 98 D the four arteries of 

^ch side may be observed. The external gills, having done 
their work, arc discarded. 

The animal now breathes as docs a fish, inhaling water by 
ite mouth and passing it out through the gill-slits. It swims 
as dOM a fish, although it docs not possess paired fins. Its heart 
and circulatory systern arc also fish-like. the course of the blood 

heart -j-ventral aorta -j-gill- 

capiUancs-> dorsal aorta -> tissue capillaries (cp. Fig. 8^). 
thJnh"^ ‘"tcrnal giU-slits are not visible on the surface of 

K very early, a fold of skin, the operculum, 

doL 0^'^he gills and grows 

Se a giu.chan,b«. A small aperture, 

^aied during respiration escapes (cp. Fig. 98 D). 

watr^h The animal now changes from a 

^tnce'rs "" --breather. During this phase of its 
for a vervH fT^ completely altered in preparation 

animal arc ouh^^"^ mode of life. When the early stages of an 
larval to the a/ ^^**^*^ adult, the change from the 

4 a Afirr ^ “ called metamorphosis (cp. p. 392). 

i 3 feen m chan-" of the aififnal 

of legs bccom ^ more. The body broadens and stumps 
406f ^ side of the taU. Toes appe^ 


L 
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and soon the tadpole begins to use these new organs for swim- 
ming. Front legs arc formed too, but at first these arc under 
the operculum and are not so obvious. 

These external changes arc accompanied by marked internal 
ones. The animal has developed lungs, and soon it begins to 
use them, coming to the surface every now and again to fill 
them with air. It obviously enjoys animal food. Finally its 
whole way of life changes. 

4 b. The tadpole stops swimming about like a fish and comes 
more and more often to the surface to breathe. It begins to 
fast, and its tail is rapidly absorbed; the white corpuscles of 
the blood (cp. p. 307) attack the cells of which it is composed 
and literally devour them. The horny jaws of the round tad- 
pole mouth are discarded, the large frilled lips shrink, and 
a wide frog’s mouth takes their place. The gut shortens and 
the abdomen shrinks as the animal becomes purely carnivo- 
rous; it soon starts to eat insects, &c., even other tadpoles. 
The outer skin is cast off. The eyes, which were previously 
under the skin, are exposed and become much larger. The 
gill-clefts close up, and the course of the circulation changes. 

The hind limbs appeared earlier as small rudiments at the 
root of the tail. During the seventh week their joints become 
visible, and about a week later toes appear. The forelimbs 
began to develop at about the same time, but were covered by 
the operculum (cp. Fig. 98 D). Now, as metamorphosis takes 
place, these break through this cover, the left limb pushing its 
way through the spout. At the same time the hind legs 
lengthen considerably, and the animal leaves the water. ^ 

Metamorphosis is complete; the water-inhaling, swimming, 
fish-like, herbivorous udpole has become an air-breathing, 


leaping, tailless, carnivorous frog. . . * 

THE FULLY FORMED FROO. If frog Spawn is brought in o 
laboratory at the end of March, this metamorphosis is usually 
complete before the end of June. If we have not provided 
a group of stones or other platform where the little 
can rest above the level of the water, it will drown when tts 

metamorphosis is completed. It cannot 

in the water. If we have kept tadpoles to this stage we shall 
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find the froglcts sitting one day on the rocky platform. The 
next day, unl^ we take precautions, they will have dis- 
appeared, having hopped away on to the land. We must 
therefore now provide a new home, a cage on dry land, and 



the I„ 

ear-drum) visible on the head tympanum 

hwd with four digits), the lone hind.limK fore-hmb (arm, forear 

with five toes webbed together) Observe tK ankle, and f< 


a diet of insects or tiny worms, 
little pool in which the frogs 
intervals, ® 


This cage should contain a 
can immerse themselves at 


respiration in THB adult PRnn 1 
chief respiratory organs in terrestrial^ ♦ usually the 

absorbs a good deal of oxv^^an vertebrates, but the frog 

the mucous membrane of IE mouIh^^Tt ’•'* through 

skin permanently moist and slippeill ^ “"I dio 

-isture and is absorbed. l^o 7 ghTSn 00°^^ .SE 



324 FOOD AS A SOURCE OF ENERGY 

membrane lining the mouth the animal obtains enough oxygen 
to support life for some time, even if the lungs are entirely 
removed. 

Let us now inquire how air is drawn into the mouth cavity 
and lung. 

Exercise. Examine the head and mouth of a frog; open the mouth 
and examine its internal structure. 


The frog has a large mouth and two nasal apertures (external 
nares). From each of these a small passage leads into the 
front of the mouth at the internal nares (cp. Fig. 43). At the 
back of the throat is the glottis, which opens into a short 
trachea; this divides into two short bronchial tubes, each of 
which terminates in a lung. These lungs, as we have seen (cp. 
Fig. 88), are simpler than those of a mammal, and far less 
efiicient as respiratory organs. 

RESPIRATORY MOVEMENTS IN THE FROO. Wc mUSt distinguish 

between the movements for introducing air into the mouth, 
and those much less frequent movements by which it is passed 
on into the lungs. 

(a) Buccal respiration. The mouth being closed and the 
external nares permanently open, air is sucked into and driven 
out of the mouth by the alternate lowering and raising of its 
floor. Oxygen is absorbed from this air into the capillaries in 
the thin mucous membrane lining the mouth cavity. 

(b) Lung respiration. This only takes place at irregular inter- 
vals. The mouth, not the thorax (cp. p. 304), is the organ by 
whose movements air is caused to enter and leave the lungs. 
The frog has no thorax and no diaphragm; its ribs are repr^ 
sented by short outgrowths attached to each vertebra, and 
they in no way enclose the chest cavity. (Cp. Fig. 132*) 


Exercise. Carefully watch a living frog and confinn the following 
facts. The taking of one breath involves the following three move- 

” “rmovement. The floor of the mouth u 

closed, the nares open. The glottis « also closed. Air »te« 
through the nasal passages to equalize the air press 
and outside the mouth. 
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and movement. The external narcs arc closed, the mouth remains 
dosed, but the glottis is open; the floor of the mouth is raised 
by muscular contraction and air is driven into the lungs. 

3rd movement. The narcs are opened, the abdominal muscles 
contract, the elastic walls of the lungs recoil and air is expelled. 

/ ZZ 
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blood from the lungs and deoxygenated blood from the tissues 
are returned to separate auricles (left and right respectively), 
the contents of both are emptied at the same moment into 
the ventricle. There is no such complete separation of the 
tvvo bloods as there is in those animals which have a four- 
chambered heart and separate pulmonary and systemic circula- 
tions (cp. p. 297). 

THE LIFE-HISTORY OF THE FROO AND ITS BEARING ON EVOLU- 
TION. This story of the development of the frog is a very 
striking one. The question at once arises, why are these many 
changes necessary? Why, for instance, is a fish circulation 
elaborated only to be rearranged to suit the life of a terrestrial 
animal? It seems at first sight a great w’astc of effort. Why does 
not the egg grow directly into a baby frog? When we examine 
the early stages of other terrestrial animals we find that similar 
changes occur. During the development of the chicken within 
the egg, for example, a fish-like circulation and rudimentary 
gills (which never function) arc formed in the embryo. 

Biologists believe that these and many similar puzzles arc 
best explained by the assumption that there has been evolution 
since life appeared on earth. Wc shall return to this subject 
in a later chapter (cp. p. 513). 

QUESTIONS ON CHAPTERS XXI-XXV 

1. State exactly what is understood by respiration. What is the 

importance of this process? Describe how you could prove by 
experiment that plants and animals respire. (L.G.S.) ^ 

2. Describe and explain clearly what happens when yeast is added 

to a solution of cane sugar. (Ox.L.) . 

3. How do living organisms, both plant and animal, obtam their 

energy, and how is this energy utilized and expended? . 

4. State clearly what you understand by work and energy. Exp ain 
fully what is meant by saying that the food consumed by ^ 
contains energy which is transformed in the animal’s body. 

5. Energy is gained and lost by aU Uving organisms. Give im 
account, with definite examples, of the various ways in 

and animals obtain the energy they require, and bnefly cxplam how 

this energy is utilized by them. (C.L.) 
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6 . What gases are normally present in the atmosphere and which 
of them arc vitally concerned in respiraUon? How could you, by 

gasc8| (b) illustrate their 

part ID the respiratory process? (OxX^) 

7. Give an account of the physical and chemical properties of 
oxygen. What IS meant by the term combustion? Where docs com- 

importance to 

8 . How IS respiration carried out in a typical flowering plant? 
esenbe expenments which may be performed to illustrate the Lture 

of respiration in such a plant. (L.G.S.) 

hL h'",?' “ P'“‘ Why is air necesary ? 

How do the woody twigs of a tree obtain air? (B.) ^ 

«Pcriment to show the production of heat by a 

plant. What IS the origin of the heat produced ? (J.M.B.) ^ 

^ greenhouse at noon on a summer’s day and 
again at 10 p.m. One part of the house is filled with green nlants 

“ b®!- Explain carehilly, Jving 

ren^ app„tcly of constant proportion.? (Ox.L J “““P*-"' 

obta Jair 


tively. (C.W.B.) ® 8^®“ P*ant and a frog respec- 

'aatnmal. “"^plato drarly r^iratory system of the 

and plants. (L.G.S.) ^ portance of respiration in animaii 
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19 - State the composition of the atmosphere and explain the usfl 
made by plants and animals of the various gases present. (L.G.S.) 

20. Give an account of the structure and action of the heart oi 
a mammal and trace out the general course of the circulation of the 
blood. (L.G.S.) 

21. Construct a simple diagram to show the direction of blood- 
flow in the blood-vessels connected with (a) the respiratory system, 
and (i) the digestive system of any warm-blooded animal. Explain 
how the direction of the blood-flow is controlled and the reason for 
the direction in each case. Why is it difficult to use the brain after 
a good meal? (L.G.S.) 

22. Describe the respiratory system and the circulatory system con- 
nected with it in a fish. (C.L.) 

23. With the aid of diagrams, describe the circulatory system 
(excluding the structure of the heart) in the frog. What are the chief 
functions of the blood? (O.L.) 

24. Describe the structure of the heart of a frog or of a mammal. 
Make a dra\ving to show clearly the chief vessels entering and leaving 
each of the chambers and state from what organs the different vessels 
come and the difference of the composition of the blood in each of 
them. (C.L.) 

25. Write an essay on the importance of the blood-vascular system, 
not omitting reference to its absence in lower forms. (C.W.B.) 

26. How is respiration carried out in the fish and the frog respec- 
tively? Illustrate your answer as far as possible by diagrams. (C.L.) 

27. Omitting microscopic details, describe the respiratory system 
of a fish and of either a bird or a mammal. What respiratory move- 
ments occur in the types you select? (J.M.B.) 

28. Describe the structure and mode of action of the respiratory 
system of the cockroach or grasshopper. What are the functions of 

die blood in the type you select? (J.M.B.) 

29. Describe the structures through which gases enter and leave 
the various parts of a tree. How b thb interchange of gases checked 
when the tree becomes dormant in winter? (J.M.B.) 

30. In what ways arc conditions (a) favourable, and (b) unfavour- 
able, for flowering plants living in water? Select any two such water- 
plants and explain how the structure and life-history of eacn u 

adapted to its condition of life. (J.M.B.) 

31. Describe the chief external characters of any fish 
you are familiar and give an account of its mode of life. 

32. For what reasons b oxygen necessary to plants and a 
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Describe the method of breathing of two animats which you have 

studied belonging to two different classes of the animal kingdom, 
(Ox« & C.) 

33. What do you mean by the term ‘adaptation to environment*? 

lUmtraie your answer by reference to any two animals with which 
you arc familiar. (Ox. & G.) 
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PART VI 

EXCRETION 

CHAPTER XXVI 

THE EXCRETION OF WASTE PRODUCTS AND OF 

WASTE ENERGY 

The formation op waste substances. Every living organism 
is the seat of manifold activities, many of which have now been 
described. In the course of these numerous metabolic processes 
waste products are constantly being formed which must be 
got rid of, many of them being harmful or even actually 
poisonous to the protoplasm. This giving off of the waste 
products of metabolism by living organisms is called excretion. 

EXCRETION BY GREEN PLANTS. Wc havc already studied some 
of the excretory processes in plants. 

1. Carbon dioxide and water are formed as waste substances 
during respiration, and are given off to the surrounding 
air or water (cp. p. 265). 

2. Surplus oxygen is given off during photosynthesis (cp. 
P- 65). 

3. Excess water is given off as water vapour. This process 
is called transpiration (cp. p. 107). 

4. In addition, various by-products (c.g. calcium oxalate, 
tannin) are formed during the metabolism of the plant, 
which probably represent waste products; they are not 
voided, but arc deposited as inert substances within the 
cells. 

EXCRETION IN ANIMALS. Animals lead more active lives than 
plants, and their whole metabolism is at a higher level. Result- 
ing from these numerous activities, they form many waste 
substances, the chief being water and carbon dioxide, various 
nitrogenous compounds, and certain mineral salts. These arc 
often removed from the body by special excretory organs, such 
as the lungs and kidneys of vertebrates, the nephridia and 
Malpighian tubules of certain invertebrate types. 
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EXCRETION OF WATER AND CARBON DIOXIDE. Carbon dioxidc 
and water are formed in animals, as in plants, during respira- 
tion (cp. p. 266), and are given off from the respiratory organs, 
^s, tracheae, lungs, &c.; hence such organs are at the same 
time excretory in function. 

These waste substances are formed in the tissues, and, in the 
lugher ammals, arc conveyed to the excretory organs dissolved 
m the blood-plasma. The amount of such substances present 
m the b ood IS usuaUy strictly controUed. If, for example, as 
the result of any great activity (such as running a race), the 
amount of ^bon dioxide in our blood increases, we breathe 
more quickly (‘pant*) to get rid of it. This reaction is quite 
unconsaous (reflex; cp. p. 223); the increased carbon dioxide 
tUrJ" ^ sumulates respiratory centres in the brain, and 
send messages to the muscles of the respiratory appa- 
tus which make the whole mechanism act more rapidly 

nitrogenous WASTE. INVER-reBRATE ANIM^U. 
Ammals produce mtrogenous waste materials in a way un- 

for'^ridH^ provided with special organs 

for ridding the body of these substances. Such organs are 

ften large enough to bo visible to the naked eye, and very 
obvious in dissections. ^ ^ 
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protozoa (e.g. Amoeba; cp. Fig. 7) serve this purpose. In many 
worms there are tubes like the nephridia of the earthworm 
which, formed in the outer layer of the body, open to the 
exterior. Often these push backwards in the course of deve- 
lopment, and acquire a second (internal) opening into the 
coelom. Such are the nephridia which you see in the earth- 
worm. Fine protoplasmic cilia drive excretory products down 
these tubes and so to the exterior. Such products are removed 
both from the body cavity and from the blood. 

Malpighian tubules are the characteristic nitrogenous excre- 
tory organs of insects. That they vary somewhat in arrange- 
ment from type to type is illustrated by the fact that in 
butterflies there are usually six, while in cockroaches there 
may be more than sixty. 


KIDNEYS 


In all vertebrate animals the organs of nitrogenous excretion 
are the kidneys. We are familiar with their appearance in 
mammals since sheep, pig, and ox kidneys are commonly to 
be seen in butchers* shops. 

Exercise. Examine and sketch the dissection of a rabbit, opened 
to display the kidneys, ureters, and urinary bladder, which constitute 
its excretory organs, and arc the cliicf channels by which this animal 
gets rid of nitrogenous waste. 


The rabbit kidney is a dark red object about an inch long, 
which lies in the abdomen attached to its dorsal wall. Blood 
enters it by the renal artery and leaves it by the renal vein. 
A narrow white tube leaves each kidney and, running along 
the abdominal wall, opens into the urinary bladder (cp. Fig. 
1 66) . This tube is the ureter, by which urine, the fluid excreted 
by the kidney, is conveyed to the bladder, where it collects 
to be voided at intervals through the urethra. Our kidneys 
are similarly arranged, one on each side of the vertebra 
column in the lumbar region. Each is about 4 
and a broad, and from each there issu« a ^ 

the ureter, which passes along the dorsa wall of the abdomen 
to open into the urinary bladder. This lies m the basm of the 

pelvis (cp. Fig. loi). 
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THE FUNCTIONS OP THE VERTEBRATE KIDNEY. All Vertebrate 

ammals posst^ paired kidneys. The most important work of 
mese organs is to remove waste nitrogenous matters from the 
blood, especially urea (CO(NH2)j) and uric acid. Often (e.g. 
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than usual is given off by the skin as perspiration (sweat), the 
excreted urine becomes more concentrated, containing less 
water. In these and many other ways, the composition of the 
blood is kept constant. The human adult excretes between 
2 and 3 pints of urine in 24 hours, which will contain about 
one ounce of mineral salts, one and a quarter ounces of urea, 
and traces of other nitrogenous substances, &c. 

ENERGY REQUIREMENTS. The kidney does a great deal of 
work, a gramme of kidney tissue using considerably more 
oxygen per minute than does a gramme of heart muscle (cp. 
p. 302), The amount of oxygen consumed by any tissue, since 
it is being used to release energy, gives us a measure of the 
amount of energy that tissue requires. Kidney cells arc 
extremely active. 

STRUCTURE. What is the structure of the organ which is 
doing all this work? The microscope shows that each kidney 
consists of a mass of fine, coiled tubules, held together by 
connective tissue, and in close touch with the blood-vessels of 
the kidney. Each tubule begins in a capsule, which partially 
surrounds a network of capillaries called a glomerulus (cp. 
Fig. 102). The whole structure is called a Malpighian cor- 
puscle. From the glomerulus the blood passes, as shown in 
Fig. 103, through another set of capillaries which are wound 
round the convoluted portion of the tube. A constant ex- 
change of materials takes place betw'cen the cells of the kidney 
tubules and the blood with which tliey arc in such close con- 
tact, the final result being that waste matters arc continually 
removed. 

To make out the detailed structure of the kidney is an 
extremely skilled task, far beyond the powers of the ordinary 
reader of this book. But something can be done with a simple 
Icns^ let us see what we can discover in this manner, 

EXAMINATION OP A SHEEP’s KIDNEY. 

Exercises 

Examine and sketch a sheep’s kidney, and look on its inner con^vc 
face for the cut ends of any tubes. You should be able to identify th 
renal artery and vein and the thin-walled ureter, as ey cn 
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leave) it. Each kidney is a bean-shaped structure, about 4 inches 

ong and a mehes wide (i.e, it is of about the same size as the human 
kidney). 

Slit open the ureter with scissors, and trace it upwards into the 
kidney. It enJarges into a funnel-shaped bag, the pelvis of the kidney. 
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tubules, which give it a streaked appearance. In the sheep’s 
kidney these tubules are arranged in about twelve groups, 
which form the pyramids seen in a longitudinal section. These 
pyramids project into the pelvis of the kidney, and it is here 
that the tubules discharge their urine. 
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Fio. 103. Longitudinal section, diagrammatic, of a rabbit s 

kidney. (After Welb and Davies; 


Exercise. Repeat the previous exercises, using a rabbit’s kidney. 
Make drawings of the structures disclosed. They resemble those of 
the sheep’s kidney, but there is only one pyramid. 


Rabbits and sheep are mammals; you should, if possible, look 
at dissecuons showing the urinary organs of other member ot 
this class. There is a close resemblance between them all, bom 
in their arrangement and position, and in their minute struc- 
ture. In all these animals the urinary aperture servw at the 
same time as the genital or reproductive aperture, and is quite 
distinct from the anal opening by which the faeces are 


charged (cp. p. 50?) • 
Let us now examine 


the urinary organs of the frog, to see 
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what these are like in a vertebrate animal which stands lower 
in the scale than the mammal. 

Exercise. Examine and sketch a dissection of a frog, opened to 
display the kidneys, ureters, and urinary bladder. 

Internet open/na of 
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opens). In the male frog this duct serves to transfer the reproductive 
cells, as well as the urine, to the exterior (cp. p. 507). The urinary 
bladder in this animal is a large, two-lobed sac opening out of the 
rectum itself on its ventral surface. Further, the urino-genital aperture 
is not separate from the anus; there is only one posterior orifice in 
the frog, the opening of the cloaca. 

The blood-supply of the frog kidney is also not quite like that of 
the mammal. A renal artery enters each kidney, bringing blood to 
the glomeruli (cp. p. 325); the tubules, however, are supplied with 
blood from the renal portal vein, which is not present in mammals 
(cp. Figs. 90, too). All the blood entering the kidney returns into 
the general circulation through the renal vein. 

EXCRETION OP WASTE MATTER BY THE LIVER AND LARGE 

INTESTINE. Before we leave this study of excretion, let us recall 
that the liver of any vertebrate animal, in addition to its many 
other functions (cp. p. 171), is also an organ of excretion. The 
bile, of which the human liver produces about 2 pints in 
24 hours, is both a digestive fluid, helping in the emulsification 
of fats (cp. p. 169), and an excretion. Its colouring matter, 
for example, represents waste products formed by the break- 
down of red blood-corpuscles; this pigment is excreted in the 
faeces, various other waste materials being got rid of in the 
same way. For, although the faeces contain the indigestible 
residue of the food, substances which cannot strictly be re- 
garded as excretions (since they have never formed a part of the 
body and cannot therefore be called products of its activity), 
nevertheless in man they do contain, in addition, certain 
excreted matter. You should notice very carefully the exact 
difference between defaecation (the voiding of food remains 
which cannot be digested) and excretion (the getting rid of 
substances which have at some time been a part of the living 
body). The animal body has many methods of getting nd 
both of unwanted and of harmful products. 

THE ‘EXCRETION* OF WASTE ENERGY 

LOSS OF HEAT FROM THE SURFACE OF PLANTS AND ANI^WLS. 

The word excretion is generally confined to the getting nd ot 
waste matter, formed as the result of an animal’s maniiold 
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activities; but animals also excrete waste energy ^ this being lost 
in the form of heat. 

‘The human skin excretes energy just as the kidneys excrete matter. 
All tlie heat produced in the body has to get out, and seldom does 
more than a fifth of it get out in the breath. The remainder goes 
through the skin, and its loss is regulated in such a way as to keep 
the temperature of the body very constant.* (Animal Biology^ Haldane 
and Huxley.) 

Probably all living organisms, both plants and animals, lose 
heat to the environment (cp. p. 262), but this loss becomes 
very obvious in the warm-blooded animals, the birds and 
mammals, since their temperature is much higher than that 
of their surroundings. The average temperature of birds is 
40-3 C., of mammals nian, with an average of 

36-7® G. (98*4® F.), has a comparatively low temperature. 

It is obvious that such warm-blooded animals will constantly 
lose heat to the surrounding air. It has been found that only 
one-sixth of the energy of the food eaten by a man appears as 
work (although occasionally, during great exertion such as 
that of a trained athlete, this fraction may be nearly doubled), 
the other five-sixths appearing as heat. We find many arrange- 
ments, therefore, for controlling this loss of heat from the 
surface of warm-blooded animals. 

the production of heat by human beings. It is possible 
to measure the total amount of heat given off by a human 
being in the course of 24 hours (cp. Fig. 77). The amount 
vanes with the occupation, &c., of the person, as the following 
table makes clear: 



Man 

Woman 

8 hours’ sleep , 

8 hours awake, but 
resting 

8 hours’ work , 

568 Calorics* 

739 n 
*>693 M 

447 Calories 

582 „ 

*>446 « 

Total 

3,000 Calories 

2.475 Calorics 


c^orie (Calorie) is the amount of heat required to raise thi 
temperature of xooo gm. of water i* G. 
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It is obvious that the daily food must be at least sufficient 
to supply this quantity of heat; othenvise, since energy to 
carry out its living processes must be obtained at all costs, the 
body will consume its own substance to get what it requires 
and will therefore lose weight (cp. p. 268). In warm-blooded 
animals there are many factors which to some extent control 
this loss of heat. 

DEVICES FOR GONTROLLINO THE TEMPERATURE OF WARM- 
BLOODED ANIMALS. 

i. There is a non-conducting covering, either of feathers 
or fur, to hinder the escape of heat. 

ii. A layer of fat is often present beneath the skin, where it 
forms an insulating layer. 

iii. The size of the blood-vessels of the skin can be regulated; 
if these dilate, more blood is brought near the surface 
and the body is cooled; during exposure to cold, these 

vessels contract and less heat is lost. 

In all these ways the amount of heat lost is controlled and 
the body temperature is kept constant. An additional regulat- 
ing device is found in mammals. 

iv. Sweat is excreted from the skin of some mammals; its 

evaporation helps to cool the body. 


SWEAT GLANDS AND SWEAT. 

Exercise. Examine the palm of the hand with a leM. The skm 
b ridged and along the tops of the ridges are numerous fine pores. 


Each pore is the opening of a fine duct which runs down 
about a quarter of an inch below the surface of ‘he skin to 

end in a coiled sweat gland (cp. of the 

2,000 of these glands in every square inch of the slun of the 

palm, less on other parts of the body; about 400 to the square 

in which traces of organic matter and a httle carbon dioxide ^e 

dissolved. How would you prove that your skm 

Refer back to experiment 34, and V- 

method used there for this purpose. The sweat evapo 
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at the surface of the skin as soon as it is formed, thus helping 
to regulate the temperature. When for any reason the body 
gets hot, as during active exercise, hot weather, &c., perspira- 
tion becomes profuse, sweat escapes more rapidly than it is 
evaporated, and ‘beads* of perspiration appear. Increased 
excretion of sweat means increased evaporation, and there- 
fore increased cooling of the surface of the body. Thus 
the animal is provided with an excellent safeguard against 
over-heating. How effective this mechanism can be appears 
from the fact that the temperature of a certain man bom 
wthout sweat glands rose to 102® F. whenever he did physical 
work for a short time. To be able to carry on the work at all, 
he had repeatedly to soak his shirt in cold water! The 
mechanism fails where a saturated atmosphere stops evapora- 
tion (cp. p, no). Hence dry heat is bearable, when the same 
degree of damp heat is oppressive or even dangerous. 

We know how dogs, who have very few sweat glands, have 
to cool off the body after exercise via the mouth and tongue. 
This is the purpose of their familiar ‘panting*. 

THE SKIN — AN EXCRETORY ORGAN. We See that, in the skin, 
some mammals have another excretory organ in addition to 
those described earlier in the chapter. The amount of waste 
matter, other than water, which escapes in this way is negligible. 
The purpose of the excretion is not getting rid of waste, but 
the regulation of the body Umperature. 

THE STRUCTURE OP THE SKIN IN MAMMALS. Wc RFC all familiar 

with the external appearance of the skin in mammals. The 
soft fur of a cat, the more stubbly hair of the dog, the wool 
of sheep, the bristles of the hedgehog, the long hairs of the 
human head, and the fine short hairs on the other parts of the 
skin show us how varied the covering of ‘fur* may be. We 
know too that, as the result of sunburn, rowing, &c., we ofren 
raise a blister of colourless skin, which may be pricked without 
pain or bleeding. Such a blister consists of the upper skin, or 
epidermis; below it lies the dermis, in which the blood-vessels, 
nerves, &c., of the skin reside. These structures are made 
clearer by the examination of a section. 
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Exercises 

At the nearest zoological gardens examine all the mammals and 
notice the variations in colour, length, texture, &c., of their coats 
of fur. Read up what you can about animals which exhibit proUctioe 
coloraliorty the white fur, for example, of animals from the Arctic region 
(polar bears, foxes, &c.), and the dappled coats of those inhabiting 
tropical forests (lions, tigers, &c.). What can you learn about 
animals like the Arctic hare, who change the colour of their fur with 
the seasons? 

Examine a prepared slide of human skin with the microscope 
or microprojector. Notice the epidermis, resting on the much thicker 
dermis, which is thrown, on its upper face, into papillae. Notice in 
the dermis the sweat glands and their ducts, also the hair follicles 
and sebaceous glands. Each hair arises singly from a papilla at the 
base of the hair follicle. 


THE SKIN OF MAMMALS is formed of two coats, epidermis and 
dermis. The epidermis consists of several layers of cells; the 
outer ones, dead, flattened, and horny, are continually being 
cast off. They are constantly renewed by cell-divisions in the 
innermost layer of the epidermis, the Malpighian layer. No 
blood-vessels enter the epidermis; all its cells arc nourished by 
lymph which exudes from capillaries in the dermis (cp. p. 3 ^ 9 )* 
Hence, as new cells arc formed by the Malpighian layer, the 
outermost ones arc pushed farther and farther from the source 
of supply, until they become dry and horny and, finally, quite 

dead. , 

The dermis contains nerves, blood-vessels, sw'eat, and seba- 
ceous glands, while the hair folUcles, although really inpushin^ 
of the epidermis, go deep down into it, a hair arising fro^m the 
base of each. Nerve-fibres end in the papillae of the dermis 
and are often connected with sensory cells, forming definite 
sense organs. Here reside the senses of temperature, of touch 
in all its forms, of shape, hardness, roughness, &c. (cp. P; 
Blood-vessels ramify in the dermis, a fine network of capillan^ 
passing into each papilla (cp. Fig. 105 (10) ). We have leaned 
Lw variations in the diameter of these vessels may help to 

^^'^Ito^study of Siskin of a mammal shows us how specialized 



•EXCRETION’ OF WASTE ENERGY 343 

is its structure. The skin is only one of the many tissues which 
make up the body ofsuch an animal. Yet thisoneorgan shows far 
greater complexity of structure than do all the tissues together, 
both ectoderm and endoderm, of such an animal as a hydra. 



Fio. 105. The structure of the skin of a mammal as seen in section 
(highly magniBed). i. Homy layer of epidermis. 9. Malpighian 
layer of epidermis. 3. Dermis. 4. Hair follicle and hair. 5. 
Sweat gland. 6. Duct of sweat gland. 7. Sebaceous gland. 8. 
Muscles by which the hair may be made to stand on end. 9. 
Connective tissue of dermis. 10. Blood-vessels of dermb. it. Hair 

papilla 

Once more we find that, as we pass from the lower to the 
higher forms of life, we meet that ever-increasing complexity 
of structure which accompanies an ever-increasing division of 
labour between the different parts of the body. Each organ 
become better and better adapted for the work it has to do. 

Having studied the feeding, respiratory, and excretory pro- 
<^cs which take place in vertebrate animals, let us summarize 
the chief changes which the blood undergoes as it passes 
through the various organs of the body. The blood is the 
calling fluid which transfers all the materials which the body 
cells use, and all the substances formed as the result of their 
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metabolic activities; hence every organ has some effect on tlie 
composition of the blood. 


Principal Changes taking place in the Composition of the Blood as it 

passes through various Organs 


Where change 
occurs 

Substances lost 
by blood 

Substances gained 
by blood 

Lungs 

Carbon dioxide 

Water 

Oxygen 

Alimentary canal 

Excretory substances, 
e.g. colouring mat- 
ter, calcium, &c., in 
large intestine 

Food, e.g. sugar, some 
fats, amino^acids, 

Liver 

Food 

Poisons, &c. 

Food in the right con- 
centration 

Excretory substances, 
e.g. urea, &c. 

Kidneys 

Urea and other waste 
nitrogenous products 
Mineral salts, &c. 
Excess water 


Varioussecretory glands, 
pancreas, salivary, &c. 

Water and solids, from 
which the cells form 
their various lecre- 
tions 

Hormones, if anything 
(cp. p. 225 ) 

Muscle, nerve, and all 
other cells and tissues 
of body 

Oxygen 1 for use of 

Food / cells 

Carbon dioxide and 
other waste products 


QUESTIONS ON CHAPTER XXVI 

t. What do you understand by an excretion? Describe cxpen- 
ments which show that carbon dioxide is excreted by both plants 
and animals, and ^vc a short account of the process which leads to 

the formation of this gas. , . .l 

a. Enumerate the various cxcretary products formed in the body 

of a mammal for frog). Explain, as fiilly as you can, where cacb 

product is formed, and where it is excreted. ..rinarv 

3 . Give an illustrated account of the structure of the unnary 

apparatus of a mammal (or of the frog). 














QUESTIONS ON CHAPTER XXVI 345 

4. What do you know of the functions of the vertebrate kidney ? 
Show how the structure of this organ fits it to perform these functions. 

5. What do you understand by a ‘warm-blooded’ animal? What 
do you know of the source of this ‘animal heat’, and of the methods 
by which too great loss of heat is prevented ? 

6. Give an illustrated account of the structure and functions of the 
skin of a mammal. 


7. What do you know of the way in which the temperature of 
your own body, of that of any other mammal, is regulated? 

8. Describe the gross structure of the skin of a typical mammal, 
and its various functions. Compare the functions of the skin of a 
mammal with those of the skin of a frog. (L.G.S.) 

^ 9. Distinguish between evaporation, transpiration, and perspira- 
tion, and give some account of the function of perspiration in the life 
of the mammal. (L.G.S.) 


10. Explain as fully as you can why physical work in a tropical 
climate is more difficult in a humid atmosphere than in a dry one. 

11. What do you understand by respiration and excretion respec- 
tively? Describe the mechanism by which these processes are carried 
out in the frog. (C.W.B.) 

la. Make a sketch of the specimen B (sheep’s kidney provided), 
timing all the parts. Give a detailed account of the functions of 
t^ organ, explaining as fully as possible the part it plays in the 
physiology of the organism to which it belongs. (L.G.S.) 

13. Explain how heat is produced by animals. Why do certain 

animals hibernate? Name any two hibernating animals belonging 

to different classes, and state the ways in which they prepare for 
hibernation. (J.M.B.) 

14. What are the principal functions of the blood-vascular system ? 
How art the same functions carried out in a flowering plant ? (L.G.S.) 

I 5 « Trace the Imtory of carbon dioxide from the time it is taken in 

by a plant until it is again liberated by the death and decay of an 
mumal. (Ox.L.) ' 

16. Nitrogen is a constituent of all living matter. Explain (o) how 

plants and animaU obtain their respective suppUes of nitrogen and 

(6) what becomes of this nitrogen after it has entered the living 
organism. (Ox.L.) ® 

iArlJ'- bctwcOT an artery, a vein, and a capillary. Describe 

_i- composition of the blood which take 

place in parts of the body. (Ox.L.) 
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PART VII 

GROWTH 


CHAPTER XXVII 

GROWTH IN PLANTS 

Growth. Food is used to supply energy; it also provides the 
materials needed for growth. Growth is one of the most 
characteristic activities of living protoplasm, but it presents 
many unsolved problems. We can describe the growth of an 
acorn into an oak tree or of a frog’s egg into a frog. But to 
explain how the growth of these creatures is guided and con- 
trolled is a very dififerent matter. What determines the very 
great differences in the ultimate structure, life-history, size, 
and length of life? There arc many such problems to which the 
scientist can give as yet only partial and inadequate answers. 

Growth always implies a permanent increase in size accom- 
panied by the formation of new tissue. Mere increase in size 
is not true growth. Since organisms are composed of cells, all 
growth is ultimately the growth of cells. Either new cells 
arc being formed (cp. p. 42) or cells already in existence are 
enlarging. This enlargement is often accompanied by differen- 
tiation, so that tissues are produced (cp. p. 29), c.g. epidermal 
tissue, green assimilatory tissue, conducting tissue, &c., m 
plants; blood, bone, nerve, muscle, &c., in the higher animals. 

In the simplest organisms there is very little of this differcnua- 
tion. In a Spirogyra plant, for example, the cells aU 
apparently alike (cp. Fig. 5). It has no definite leng^; any 
ceU of the filament can divide, the nucleus leading me way. 
New cross-walls are always formed in a plane at right angl« 
to the length of the filament, so that the plant body never 

becomes more than one cell thick. 

Even growth as simple as this raises many problems. Ho 

i5 the di^ion of the nucleus controlled? '^hy is cell-d^^M 
always in the same plane? These are a few of the quesnons 

which we cannot yet answer. 




'pericarp 
Testa 

Embryo 
plant 
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GROWTH IN THE FLOWERING PLANT. The flowering plant is 

more elaborate in structure than a Spirogyra filament, and its 
growth is correspondingly more complex. Many features of 
this growth arc easily fol- 
lowed in garden or labor- flower 

atory. Every flowering 
plant begins its indepen- 
dent existence within a 
seed ; seeds arc produced 
in fruits, and these are 
produced by flowers, 
flowers being the repro- 
ductive organs of the 
highest plants (cp. Chap- 
ter XXXII). 

SEEDSTRUCrURE. Sccds 
vary considerably in size 
and appearance, in the 
position, nature, and 
amount of the stored 
food, as well as in the 
structure of the con- 
tained embryo. For 
scientific purposes they 
are classified in two 
ways: 

A. According to the 

s^cture of the embryo plant, into monocotyledons and 
dicotyledons. 

B. According to the position of the stored food, into endo~ 
spermic and non-endospermic seeds. 

Let us examine sccds of these various types, and their methods 
01 growth. 




Cotyledons 

FLumuU 
KadicLe 


Fio. 106. Th* Structurs of the Sun- 
flower Fruit and Seed. The latter is 
dicotyledonous and non-endospermic. A. 
Achene (x 3). B. Longitudinal section 
of achene (x s). C. Embryo plant, with 
one cotyledon removed (X 3) 


TYPE I. DICOTYLEDONOUS, NON-ENDOSPERMIQ SEEDS. 

The broad bean is typical of this group (cp. Figs. 17, 18). 

^ercise. Repeat the examination of the broad-bean seed (cp. 
P- «4Ji also examine the seeds of pea, niimcr bean, sunflower (cp. 
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Fig. io6) (the so-called seed is really a single-seeded fruit), sycamore 
(the seed is enclosed in a winged fruit). In each case test the seed 
and determine the nature of the stored food. 

In all the above seeds we observe that: 

1. The seed contains nothing but the embryo plant, which 
usually fills the space \vdthin the testa; it is therefore 
non-endospermic. 

2. The embryo consists of an axis and two lateral cotyledons. 
Hence the seeds are dicotyledonous. One end of the axis, 
the radicle, will form the root; the other, the plumule, 
grows into the shoot. 

3. The reserve food is stored in the embryo itself. 


TYPE n. DICOTYLEDONOUS, ENDOSPERMIC SEEDS. 

Exercises 

Examine the seed of the castor-oil plant, a typical member of this 
group. Sketch the exterior, and also transverse and longitudinal 
sections of the seed. Test the endosperm for oil and protein. Dissect 
out the embryo from the endosperm in the middle of which it lies, 
and sketch it. 

Determine the structure of the following seeds: ash (the seed is 
enclosed in a winged pericarp (cp. Fig. 107 B)), buckwheat (the 
‘seed’ is really a singlc-scedcd fruit). 

All the above seeds are fundamentally alike. We find that 
the seed contains a dicotyledonous embryo, and in addition 
a store of food, the endosperm, which lies within the seed-coat 
but outside the embryo. Seeds with a separate food-store of 
this kind arc called cndospermic. 


TYPE m. MONOCOTYLEDONOUS, ENDOSPERMIC SEEDS. 

Exercises 

Revise the structure of the maize grain (cp. p. 185), and compare 

it with that of wheat or barley. ♦ f«- a 

Examine a date ‘stone’ (seed). Soak a fr«h seed m water for a 

week, then scrape away the surface on the side opposite th' ^°<we 

which runs down one face of the seed A tmy «tibryo « d«closrf, 

embedded in the stony endosperm (chief reserve food ceUulose) 

which fornos the bulk of the seed. 
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In all these seeds we find : 

I. That the seed contains an embryo, and a store of reserve 
food, which is outside the embryo, in the endosperm. 



St^lkof 

seed 


Endosperm 



Cotyledons 

■Winy aidiny 
dispersal 

Radicle 

Fio. 107. The Structure op Dicotyledonous, Endo- 
fPERuic Seeds. Ai. Seed of castor oil. Aa, A3. Sections 
of castor-oil seed in two planes at right angles (x 3). 

Bi. Winged Ihiit of ash (X i). Ba. Section of ash seed 

(X 3) 


a. That the axis of the embryo consists of a radicle at one 
end and a single terminal cotyledon or scutellum at the 
other. The plumule is lateral (cp. p. 185). 

This survey of seed structure shows what diversity there may 
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be even in such small things as seeds. Let us now see what 
happens when they begin to grow. 

GERMINATION. Sceds usually rest for a time after their forma- 
tion, the embryo plant lying dormant within. In this phase 
of their existence they can withstand adverse conditions, such 
as frost and drought, which would kill the young plant if 
growth had once started. The dormant period over, ^e seed 
grows if conditions become favourable; the young plant escapes 
from the seed-coat, pushing its root down into the soil, its 
plumule up into the air; leaves unfold from the plumule, and 
the seedling becomes self-supporting. Until this stage is reached 
it is fed by the reserve food which is found in every seed. 

Cotyledons, which so often contain this reserve of food, are 
short-lived organs, and are usually discarded during the first 
year of the plant’s life. Often they come above ground, turn 
green, and form the first assimilatory organs of the young plant 
Such cotyledons arc called epigeal. In other cases they remain 
below ground {hypogeal)^ when they do not, as a rule, escape 
from the secd-coat, testa and cotyledons withering together. 
These differences in behaviour afford a useful basis for the 
classification of seedling plants, a fact which will be best under- 
stood after the study of a few typical seedlings. 

The germination of the broad bean is hypogeal. It has already 
been studied (cp. p. 87). The cotyledons remain permanently 
underground, their food content being gradually exhausted. 
Soon they wither and are cast off. 


Elxercises 

Make skctclies of the broad-bean plumule at various stages to 


illustrate: ^ . t 

( 1 ) The escape and straightening out of the plumular h^k. 

( 2 ) The formation of the first two plumular leaves, which arc very 


simple in structure. , , 

( 3 ) The formation of the third and subsequent leaves, and the 

gradual development of both root and shoot systems. 

Soak sunflower seeds, which are dicotyl^onous ^n^^endj 
smermic. and grow them both in gas-jars and in pots filled with .oU. 
Make sketches of the different stages of germination. 

Contrast with the broad bean the seedling of the smjlowir. 
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which is epigeal. After the radicle has emerged, grown down- 
wards, formed root-hairs, and attached itself to the substratum, 
the whole ‘seed’ (really a fruit) begins to be carried aloft by 



Fio. 108. Two stages in the germination of the annual sunflower (x l) 


the ^owth of a smooth, slightly greenish organ, the hypoeotyL 
whi^ IS somewhat thicker than, the root and is formed above 
It Once above ground the cotyledons enlarge, turn green 
separate slightly, and throw off the pericarp and testa. They 
arc epigeal, forming the first green leaves of the seedling. 
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Meanwhile the plumule, which was very minute in the dor- 
mant seed, has enlarged; it lengthens, forms plumular leaves, 
and so the shoot is gradually produced. 

To illustrate still another method of growth in dicotyledonous 
seeds let us examine the seedlings of the castor-oil plant. 

Exercise* Sketch various stages in the development of the castor- 
oil seedling. 

The germination of the castor-oil seed is also epigeal; but 
the fact that the reserve food is not in the embryo plant, but in 
the endosperm around it, makes for certain differences in the 
behaviour of the two seedlings. There is the same development 
of the radicle, followed by that of a hypocotyl, which pushes 
the seed-case, containing endosperm, cotyledons, and plumule, 
above ground (cp. Fig. 109). The cotyledons, however, remain 
for weeks within the seed-coat, absorbing food from the endo- 
sperm. Only when this store is quite exhausted is its shrivelled 
remnant cast off, together with the testa (cp. Fig. 109C). The 
cotyledons then turn green, open out, and serve as assimilating 
leaves; the plumule develops, and the young plant becomes 
self-supporting. 

Exercise* Grow maize grains in a warm place, and sketch stages 
in their germination. 

The germination of the maiz^ grain. The radicle is the first 
organ to emerge, pushing its way through seed-coat and peri- 
carp and rupturing the radicle sheath, the torn ends of which 
are visible round the base of the root. Soon the plumule 
appears, encased in a hard pointed sheath (the colcoptilc), 
(cp. p. 255) which protects it as it pushes through the ground. 
Later this sheath is ruptured (cp. Fig. iioB), and the first 

green foliage leaves appear. , 

Meanwhile the radicle has grown downwards, but it does 
not form a sturdy main root like that of a bean or sunflower. 
Adventitious roots arise very early from the plant axis; thwe may 
even be visible before germination begins. They soon become 
as large as the radicle, and a fibrous root system results (cp. 

P- 19)- 
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The cotyledon remains below ground, digesting and absorb- 
ing food from the endosperm. When this store is exhausted^ 
both endosperm and cotyledon wither and drop off. 


^lumuLt 



Cttin tpfgtH 
cottjUacm 





Ef^dospetm 

^<f/cU 




-Hypocctifl 


Fw. log. Tluee stages in the germination of the 
castor«oU seed (all x 

« 8«>wth of seeds the™ 

dom Th«ra« '■““‘=‘ 5 °“ of the cotyle- 

They may store fo^ Absorb S’ ft *“ •'ypog'al- 

endosperm) • even hel’n m H’ ^ ^ ““ outside store (the 

even help to digest such a store (cp. p. 187) by 

u 
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secreting enzymes into it; finally, they become the first green 
leaves of the plant in all epigeal seedlings. 

However great the variation in the process of germination, 
it always results in the development of a seedling plant which, 
having exhausted the supply of food with which it was started 
in the world, is now self-supporting. 

Exercise. Examine and sketch the seedlings of other common 
plants: sycamore, beech, stinging-nettle, goosegrass, gorse, bluebell, 
&c., all show interesting features. They all belong to one of the 
groups described above. 


CONDITIONS NECESSARY FOR GERMINATION. 

i. Oxygen is essential for healthy growth, although some seeds 
can live for a time anaerobically (cp. p. 271). Oxidation of 
food substances during respiration provides the energy neces- 
sary for all growth. 

ii. Warmth is also essential. For each plant there is a mini- 
mum temperature, below which it w'ill not grow, and a 
maximum temperature, above which it will not grow. Between 
these two lies the optimum or best temperature for that parti- 
cular plant. This optimum varies; for wheat it is lower than 
for maize, for maize lower than for rice, and so on. The seeds 
of the Canadian maple will grow if kept on ice, but most plants 
require a temperature above the freezing-point for germina- 
tion. The ditlerent temperature requirements of two common 
plants can be illustrated by the following experiment. 

Experiment 98. Take three flower-pots and plant in each soakrf 
feeds of (a) garden pea, and (b) runner bean. Place the fint pot in 
Jhrcoolcs. place available, e.g. out of doors in winter; the second 
is kept in an ur.heated room, the third in some warm 
a radiator. The seeds in the first pot do not grow, the 
being too low; the peas grow in the second pot. 
the beans grow in the third pot, but not the peas. The temperature 

on the radiator is loo high for the latter. 

iii WaU, is also essential for growth ; all seeds take up water, 
often Ire than doubling their original 'd-^n'’ 
Different plants have very different water requ 
p. . ^4)?and land plants can be over-watered as weU as under- 

watered, as tl.e following experiment shows. 
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Experiment 99. Take six small (thimble) flower-pots, fill each 
with fine dry soil, and plant dry pea seeds in them. Place each pot 
on a saucer and give varying amounts of water each day. For example 
the results of a typical experiment are tabulated below. 


Pot 1 

Pot a 

Pot 3 

Pot 4 

Pots 

Pot 6 

No water 

No growth 

3 c.c. 
daily 

No growtl'i' 

6 c.c. 
daily 

No growth 
or very 
slow 
growth 

12 C.C. 
daily 

Growth 

quite 

good 

24 c.c. 
daily 

Growth 

good 

48 C.C. 
daily 

No growth 


The soil is too dry for germination in pots 1 and 2, and too wet io 
pot 6. 

Plants can be over-watered as well as under-watered. Each has 
a definite water requirement. 


iv. Light is not necessary for the initial stages of germination. 
Many of our experiments have proved this fact, which is 
obvious when we consider that seeds are planted in soil. But 
light is necessary later for healthy growth. A plant grown in 
the dark becomes long-stemmed, weak, and straggly; the leaves 
remain small; if light is quite excluded they do not even unfold 
from the terminal bud. No green colour develops in such 
plants, light being necessary for the formation of chlorophyll 
(cp. Fig. Ill A). The whole plant takes on a characteristic 
appearance, it isetiolated {Fr. ^tioU, drawn out). Such plants are 
incapable of photosynthesis and eventually starve to death. If 
brought into the light chlorophyll develops and they recover. 


Exercise. Compare seedlings of bean, wheat, &c., which have 
been grown for the same time and under similar conditiom, one 
set in daylight, another in a dark cupboard. Make a list of the chiel 
dilTerenccs you notice. Determine how long the etiolated plants take 
to become green, when they are exposed to light. 


The very rapid growth in length which characterizes dark- 
ened plants (e.g. those buried deep in the soil or shade y 
other plants) is obviously of great i^e nature, as it enable 
such plants to thrust their way up into the light. How g 
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is the effect of external conditions on plant growth is shown 
very clearly in Fig. 112. 

Water, warmth, air, and light are all necessary for germina- 
tion, as for every form of growth, whether in plant or animal. 
Eventually, soil or some other source of raw materials 
becomes necessary also. Seeds may be germinated with their 
roots supported by moist blotting-paper; but directly the 
reserve ibod stored in the seed is exhausted growth under 
such conditions comes to an end. Fig. 11 iC illustrates the 
effect of starvation on the growth of a pea seedling. 

GROWTH IN LENGTH OP THE PLANT AXIS. APICAL GROWTH. 

We have already learned (cp. p. 244) that the young plant 
axis just escaping from the seed grows in length by the for- 
mation of new tissue at the apex (cp. Figs. 65 and 66). In all 
apical growth three phases can be distinguished : 

(1) The actual formation of new cells. In stems this cell- 
division occurs principally at the apex; in the root the 
actively dividing cells (mcristcmatic cells) are covered 
by a protective root-cap (cp. Fig. 60). 

(2) The cells already formed elongate. This is the phase of 
growth which is most obvious externally (cp. Figs. 65,66). 

(3) The cells arc differentiated into epidermis, cortex, vas- 
cular tissue, pith, &c. (cp. Fig. 2). Phases (2) and (3) 
occur almost simultaneously, as microscopic examina- 


tion will show. 

By such apical growth, internal differentiation, and the 
accompanying development of leaves, axillary buds, lateral 
roots, &c., the whole plant body is gradually formed. It will 
be remembered (cp. p. 20) that lateral roots, unlike leaves 
and lateral stems, are not formed at the young, elongadng root 
apex. They arise endogenously from that part of the root 
where growth in length has ended (cp. Fig. 2). The a van 
tage of this becomes obvious when we consider that roots, to 
do their work, must immediately become fixed to the soil. 

CHEMICAL CONTROL OP PLANT GROWTH. HORMONES. It tlM 

recently been shown that plant growth is partly controlled y 

certain chemical substances produced by the ce^ 

We may compare these growth substances with the hormones 
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of animals (cp. p. 225) ; indeed, they are to be regarded as 
plant hormones. 

One such substance, auxtriy has been found in the growing 



1^”“ Effect op ENyiRONMEm- on Plant Growth 
A. Dandelion gtovv.ng on plain. B. plani growing in the 

Alps, drawn on the tame scale 

tips of the broad bean. It causes elongation of the stem, both 
m intact plants and m isolated bits of stem; further, it has been 
shown Aat this auxin, while stimulating the growth of the 

Slw. ’ of the Uteral 
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Plants produce more lateral buds than can ever develop, 
but their growth can be stimulated by removal of the terminal 
bud. Hedges are clipped, fruit trees and roses pruned, lor this 
purpose. 

The growth of the whole plant is co-ordinated — it is a living 
organism, a unity; and this co-ordination is brought about, 
at least in part, by chemical substances which pass from one 
part of the plant body to another. 

GROWTH IN THICKNESS OR SECONDARY GROWTH. The mOSt 

cursory examination of any large plant shows that its axis 
grows in thickness zs well as in length. A two-year-old horse- 
chestnut seedling, for example, had a stem 1*7 cm. in cir- 
cumference, at a distance of 3 cm. above the ground; the 
circumference of a ten-vcar-old stem was found to measure 


6*8 cm. at the same level. 

A young dicotyledonous stem consists internally of pith, a 
number of vascular bundles separated by medullary rays, 
cortex, and epidermis (cp. Figs. 2, 22). Between the wood 
and bast of the vascular bundle is a narrow band of thin- 
walled, flattened meristematic cells, the cambium (cp. Fig. 22 A). 
All the other cells of the bundle are now mature, only these 
cambial cells arc capable of further growth. 

Growth in thickness begins by the cutting off of a band of 
cambial cells across each medullary ray (cp. Fig. 1 13 
the cambium, as seen in transverse section, becomes a complete 
ring. This forms new cells, both internally and externally; 
the inner ones are transformed into secondary wood (xylem), 
tlie outer ones into secondary bast (phloem). A compact mass 
of wood 13 thus produced which, in woody perenmals, grows 


in thickness year by year. 

Roots increase in thickness in a similar manner. 

ANNUAL RINGS. In our large forest trees this growth in thicK- 
ness continues as long as the tree Uves. Every year in the spnng, 
a new ring of wood U added by tlie cambium ™ 

externally The wood elements have thick walls. 
permanently in position; the sieve tubes are thin-walled and 
living, and soon die. Hence an old tree-trunk comisls chiefly 
of a mass of wood. This wood, in transverse sccuon, is seen 
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to be arranged in rings; the number of the rings tells us the 
age of the tree (cp. Fig. 114). 

The firs! wood formed in the spring has large vessels for the 
rapid transport of water, &c., to the opening leaves; that formed 



Fro. 114. A Four-Year-Old Pinb Ste«. Ob- 
serve the four annual rings of wood (1-4). the 
medullary rays (shown in transverse, ms, radial, 
ms", and tangential, ms“ , views). Outside the wood 
is the cambium (r), the bast (b), and the bark (br). 

Bast and bark have been removed from one portion 

of the section 

later in the year is more compact, serving for support rather 
than for transport. This difference between spring and autumn 
wood, which characterizes all trees of the temperate zones, 
causes the ringed appearance with which every one is famiUar. 

MEDULLARY RAYS. Cclls formed by the cambium become 
differentiated into woody elements, vessels, fibres, &c., or in 
sieve tubes, bast fibres, &c., structures cither for transference 
of water and dissolved substances, or for support (cp. p. 97 J- 
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A certain number of living cells are usually left, however, 
among the non-living elements of the wood and bast. These 
form medullary rays, which extend outwards from the cam- 
bium in both directions, the chief rays passing right across the 
secondary tissue from pith to cortex (cp. Figs 1 13, 1 14). They 
are composed of cells which are elongated radially (i.e. across 
the stem), and they serve for the storage of food materials as 
well as for transport. One of the substances thus transported 
is oxygen, which passes across the stem from the lenticcls on its 
surface to the living cells, e.g. cambial celb, &c., of the interior 
(cp. p. 274). 

bark and cork. Continual growth in thickness of root and 
stem will obviously compress the tissues lying outside the 
p-owing layer (cambium). In a young stem these keep pace 
tor a tune, but ultimately become stretched and tom. Very 
soon a second cambium, the cork cambiumy becomes active near 
the surface of the stem, which adds layers of cork cells to the 
pcriphc^ of the stem, as secondary wood and bast are formed 
wimin (cp. Fig. 113C). Cork is an extremely impervious 
substance which is deposited in the walls of the cork cells. 
No water, food, or oxygen can penetrate it; hence all tissues 
outside cork, and the older cork celU themselves, con- 
Unually die away and are cast off as the bark. 



from one-year-old and three-year-old lime or pine 

hv^rhT^H ™ “inutea in a solution of anUine 

hydrochlonde; mount on a sUde in glycerine, examine with 
and draw the two sections. wiia a lens, 

rinl!‘' has three annual 

nngs. Nonce pith, pnmaiy wood, secondary wood, bast, cork, 
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HEART-WOOD AND SAP-WOOD. In somc old trees the central 
wood is harder and darker than that outside. In such stems 
conduction of water takes place entirely through the sap- 
wood. The heart-wood gives added strength and rigidity. 


QUESTIONS ON CHAPTER XXVII 


1. Describe with labelled diagrams the structure and germination 
of any named seed. (G.W.B.) 

2. Describe by means of a series of labelled drawings the stages 
in germination of one named seed. (C.L.) 

3. How would you test any given seed to determine the nature of 
the stored food? How does this food compare with that stored in 
a fowl’s egg ? State briefly the purpose for which each of these stores 
is used. 

4. Write a short essay on the structure and functions of cotyledons. 

5. Write short notes on the following: endosperm, epigeal cotyle- 
dons, scutcllum, coleoptile. 

6. How would you distinguish a monocotyledonous from a dicotyle- 
donous plant (<z) in the seed stage, (i) when the two plants were 


mature? . 

7. Describe carefully what you mean by a seed and a fruit. 
Describe the structure of the grain of the maize (or wheat). (J.M^) 

8. Compare and contrast the development of the plant from a seed, 
and the development of the tadpole from a frog’s egg. Is there any 

resemblance between the two processes? 

9. Describe experiments you have performed to investigate the 
conditions necessary for the germination of seeds, and state the 

results of your experiments. (L.G.S.) 

10. Describe the way in which the stem of a dicotyledonous tree 

grows in thickness, explaining the formation of annual rings. 

1 1 . How could you determine experimentally the region of peates 

growth in length of a young pea or bean plant? 

^rformed by the root-hair.? Comment on the ftet that root-ham 

he oehind the region of maximum elongation. (L.O.b.) 

12. Of what advantage is it to a large tree, such as an o^ or 
sycamore, to branch so profusely? How are such trees enabled to 

withstand the rigours of winter? (C.W.B.) 

13. Write a short essay on germination. external 

il Bv means of labeUed diagrams only, show (a) the «tcro 

appearance and internal structure, and (i) three progrcssiv g 
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In the germination of a grain of wheat or maize. Explain the work 
done by the cotyledon during the gcnnination of the grain selected. 
G-M-B.) 

15. In what region of a shoot of a tree does growth in length 
occur? How could you show experimentally that your statements 
arc correct? Mention any differences, in respect of the posidon of 
the growing region, between the branch of a tree and the limb of 
a mammal. (Ox. & C.) 

16. Describe what experiments you would perform to ascertain the 
condidons under which seeds germinate. (Ox. & G.) 

17. How do roots differ from shoots in their general structure and 
funedons? Illustrate your answer by reference to the roots and shoots 
of a named herbaceotis plant and a named tree; make explanatory 
sketches. (C.L.) 
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CHAPTER XXVIII 
GROWTH IN PLANTS {continued) 
GROWTH AND FORM 


Variations in plant form. In the last chapter we examined 
processes of growth which are common to most flowering 
plants. In spile of these common features, the ultimate forms 
of such plants are extremely diverse. They are adapted to 
difierent climates and habitats (cp. p. 88) ; they have very 
different lengths of life, including, on the one hand, tiny short- 
lived cphcmcrals, on the other the oldest and largest living 
things. The General Sherman tree of California is believed to 
be nearly 4,000 years old; it is 279 feet high and its trunk is 
36 feet in diameter. 

‘All our European and American history arc but events of y«tcr- 
day to thb patriarch of the organic world, which now towers higher 
than a twenty storey building and is still growing.* (Moon, Biologf 
for Beginners.) 


To some slight extent these differences in form and life-history 
can be correlated with external conditions (cp. Fig. 1 12). Tree 
growth is most luxuriant in warm, moist regions; we should 
not expect to find a tree like this ‘General Sherman* on the 
Arctic tundra. Every living thing has its place and season, and 
many possess special structures which enable them to survive 
through periods when conditions are unfavourable. 

PLANT GROWTH IN RELATION TO LENGTH OF LIFE. FloWCrmg 


plants are cither annual, biennial, or perennial. ^ 

Annuals complete their whole life in a single season; haying 
flowered and produced seeds, the whole plant dies. Sometimes 
they arc so short-lived that several generations arc produced 
in a single growing season, c.g. shepherd s purse, uc p an 
arc called etliemerals. Deserts become covered with ephemera 
after any shower of rain, their seeds having lam dormant lor 

years in the hot dry sand. Among familiar 

which arc annuals arc wheat, oats, barley, &c.. peas and b^m, 

while wild annuals include all the common cornfield weeds. 
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such as cornflowers, poppies, &c., and most of the weeds of 
cultivated soil, e.g. chieWeed, groundsel, shepherd’s purse, 
and so on. 

Biennials live for two seasons. During the flrst year their 
growth is purely vegetative; they form leaves, and by the end 
of the season have stored up a certain reserve of food. In some 
very familiar vegetables (carrot, parsnip, turnip, beetroot, 
radish, &c.) a large amount of food is stored in this way, often 
in the main root (e.g. carrot, beetroot). It is this food-storing 
habit which has led to their cultivation. 

In the second year of life biennial plants flower and produce 
seed, using up their food store in the process. These plants, 
like the annuals, only flower once, and then the whole plant 
dies. 

Perennials live for many years, and when once flowering 
starts it usually continues for many seasons. These plants are 
of two kinds : 

(a) Herbaceous perennials, which produce no permanent 
woody shoot system. 

(5) Woody perennials, the shrubs and trees. 

Herbaceous perenniab show very great variations in form. 

Yet under all thb diversity there b one common feature. The 

whole plant is reduced in size as the unfavourable season of 

the year approaches, and it passes that season (e.g. winter, 

the dry season, &c.) in a state of dormancy, either entirely 

underground, as do bulbous plants, or with some small part 

of the plant body on or above the surface of the soil fc e 
dandelion). ^ 

In studying perenniab their winter as well as their summer 
form must always be kept in mind* 


^ercise. To obtain some idea of the great range of form exhibited 

perenniab, examine the following plants (or others of 

what foUows. Where possible the 
developmcnl from the seed, should be 

followed for at least one 

web plant, dandelion, crwpmg buttercup, strawberry, Solomon’s 
6cal^ crocus^ potatOj tulip^ bluebelL 
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THE GROWTH FORMS OF HERBACEOUS PERENNIALS 

THE ROSETTE PLANT. Dandclioiis and daisies are typical 
rosette plants, forming a tight cluster of leaves just above the 
surface of the earth This lowly habit and rosette form protect 
them from drying winds, from browsing animals, even from 



man and his lawn-mower. Such weeds are therefore common 
in lawns and pastures. 

THE PLANT WITH CREEPING STEMS. Although most plants 
form upright stems, tliis is not universal. The creeping butter- 
cup is an herbaceous plant whose stems straggle over the 
surface of the ground, rooting themselves as they go; gp-ound- 
ivy and creeping jenny are other familiar plants with this habit 
of growth, which is by no means uncommon. Such horizon- 
tally growing stems arc diagcotropic and diahcliotropic (cil 
p. 250) ; they produce adventitious roots from the nodes, and 
may invade and fix themselves to a comparatively large area 

f" soil 

THE PLANT WHICH FORMS RUNNERS. Wc may take the straw- 
berry plant as typical of this mode of growth. The origin 
plant has a short thick upright underground stem (root-stocJt, 
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cp. Fig. 1 15), from the base of which adventitious roots arise, 
while at its apex is a rosette of foliage leaves. Certain axillary 
buds grow out into curious thread-like stems called runners; 
each runner produces nothing but one or two tiny scale leaves 
until it is 2 or 3 feet long, when from its apical growing point 
a new rosette of leaves and new adventitious roots arise. 
From these young plants the process may be continued by the 
formation of more runners. 



Fio. 116. Part of the rhizome of Solomon’s seal ( x i) 


TTO PLANTS wracH poRM RHIZOMES. Many herbaceous peren- 
mah have a portion of their shoot system underground, where 
horizontally growing stems, called rhizomes, live on from year 
to year Solomon s seal (cp. Fig. Ii6) is a typical plant with 
to method of growth. All its perennating stems arc buried 
m the sod ; toy bear scale leaves and adventitious roots, and 
branches arise as buds m the axils of the scale leaves Each 
season to terminal bud of the rhizome grows upwards pro- 

At“hf end^ofl“‘‘°°' leaves and flowers. 

At the end of the year s activity this aerial shoot dies awav 

(crFfvTiS^ “ '''■T' ‘Characteristic scl^ 

SunXm’an^lf^'^^^,^ “ -tl-ed under- 

Plants with this habit of growth arc very firmly fixed in the 
soil, and may even hold loose soU togetor. Hen« toy ^ 
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common on river banks, on the sandy sea-shore, in fen and 
marsh land — wherever the soil is loose and shifting. Many 
rhizomes, like those of Solomon’s seal and iris, are thick and 
serve to store reserve food, as well as to continue tlie growth 
of the plant underground. Others, e.g. those of couch-grass, 
Psamma, anemone, and lily of the valley, arc quite thin. 

Exercise. Examine and sketch the rhizome of couch-grass or 
Psamma, and compare it with that of Solomon’s seal and iris. 


PLANTS WHICH FORM CORMS. Every crocus or gladiolus plant 
is reduced, during the winter, to a corm, whicn is a short, thick, 
erect, food-storing underground stem protected by brown 
scale leaves (cp. Fig. 1 1 7 B). This stem bears several buds; the 
uppermost of these will produce next year s flowering stem 
(Fig. 1 1 7 B. b.). Dissecting this bud we find that it consist of 
a short stem, bearing a few scale leaves, a few miniature foliage 
leaves, and a tiny flower (Fig. lijC.Jl.). For in thU plant, m 
in many other perennials, the leaves and flowers which unfold 
in one season arc formed during the preceding one. 

Such is the hibernating plant, as it exists from early summer 
onwards. Growth sets in in late winter, numerous advenuuous 
roots being formed from the base of the corrn. Later, a few 
of the buds grow out into aerial shoots, unfolding their foliage 
leaves and flowers. While these foliage leaves arc assimilaung 
above ground, surplus food passes back into that poruon ol me 
stem from which both scale and foliage leaves ansc and toe 
base of each such stem becomes swollen with stored food ( p. 

Fig. fi7A,D). It swells, buds develop in the axils of some ol Its 

leaves, its scale leaves turn brown and form a protective wra^ 
Ug around it. The aerial portion of the shoot withers and 

falls off. leaving a scar. When aU » finished a ""w 
several, if some of the lateral buds have developed) is left 
the previous year's corm as a dark, shrivelled dying remnant 
beneath it. slnce each new corm is formed above the 
the plant lends to rise out of the ground. This p 
by the formaiion of contractile roots, soniewhat 
which are produced benveen the old and the new conns, an 
which, by their shrinkage, puU the new corm down. 




A ivk I , . ”7* Thb Crocus Plant 

A. Whole plant; observe, e./., the old corm: above it the nre«-n» « » 

the foliage leaves and flower R 'TK- , " ■“«>* * Above these are 

“ old withered corm. (AU natural site) ^ 
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Exercises 

Examine and sketch a crocus corm. Remove its leaves, one by 
one, and make a series of drawings which illustrate its structure. 
Examine also a crocus plant in flower, and another after flowering 
has ended. Carefully sketch both specimens. 

Examine other corm-making plants, such as bulbous buttercup, 
gladiolus, cuckoo>pint, and montbretia. In the latter the swollen 
stem consists of several sections, one above the other, in place of the 
single swelling formed each year in crocus, &c. 

Experiment xoo. Test the crocus corm for carbohydrates, oils, 
and proteins, and ascertain the nature of the stored food. 


THE PLANT WHICH MAKES TUBEROUS STEMS. A potato plant 

has small creamish flowers, which produce fruits and seeds in 
the autumn. The germination of the seed is epigeal, a typical 
dicotyledonous seedling being produced. Soon the young 
plant gives rise to lateral shoots of two kinds. Near the top 
of the stem these shoots become aerial stems bearing foliage 
leaves. Lower down, beginning in the axils of the cotyledons 
themselves, the lateral stems turn down into the ground, pro- 
duce scale leaves only, and form structures like rhizomes. 
The tips of these underground stems are the food-storing organs 
of the plant (cp. Fig. i i8A). They swcU as food passes into 
them, forming tubers — the potatoes of the dinner-tabic. Thus 
a tuber is the swollen end of an underground stem. 

In the autumn all parts of the plant die away except these 
tubers. They remain in the ground, and form excellent perci> 
nating organs, being protected by a corky skin which is pierced 
by Icnticels (Fig ii8B). 

Exercise. The student should examine a potato, noticing the eyes 
(buds), the apical bud, and the scar which marks where the tubci 
became detached from the rhizome of which it is the swollen apex. 


A potato plant thus has tss’O methods of reproduction. It 
forms seeds, wliich germinate and give rise to seedling plantt, 
it also forms tubers. These tubers can grow into new planu, 
producing adventitious roots and aerial shoots at the exp 

of their stored food (cp. p. 421). u* a later 

We shall return to the consideration of this subject in 
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chapter (cp. Chapter XXXI). It is obvious that, in some ways, 
a new plant arising from a tuber has a better chance than one 
developed from a seed. It has a greater store of food to draw 
upon, and is already buried in the soil, where it lies protected 



Plumule 


Scale leaf 




Cotyledon 

■Rhizome 


Tuber 

Scar of' 
rhizome 



Radicle ~ sproutiny 

oon of the first tubers. B. A mature tuber begimung to grow 


during the winter. But in nature it has no chance of heinir 


Examine and sketch tl 
pcramial sunflower, and the Chines 
With those of the potato. 


tubers of Jerusalem artichoke, 
artichoke, and compare >b»»TT i 
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THE PLANTS WHICH FORM BULBS. Bulbous plants are another 
group of perennials in which the hibernating structure con- 
tains a large store of reserve food. Fleshy rhizomes, conns, 
and tubers all have their foodstore in the stem; in bulbs it is 
found in food-storing scale leaves, a bulb being nothing but 



Fio, 1 19. Thb Structurb op thb Tulip Bulb 
I, The bulb In longitudinal section. 2 . The stem with scars of the leaves, 
which have been removed. s.t,s. 2 ,s. 5 ,s. 4 ,s.$. Scale leaves. /./,/•*./• 5* 
Foliage leaves. P. Perianth, a. Androccium. g. Gynoecium, of flower. 
St. Base of stem. r. Adventitious roots, b. Axillary bud which will become 

next year’s bulb 


a large bud. The tulip bulb, for example, consists of a flat 
disk-like stem, bearing the following structures: 

A smooth, membranous scale leaf. 

About four thick, fleshy, colourless food-storing scale leaves. 
Three small foliage leaves. (Fig. 1 
A terminal flower. (Fig. 119, F.) 

Exercise. DUsect a tulip bulb, and sketch its various paro. 
Divide a second bulb longitudinally, and construct a longitudinal 

’'Elperiment loi. Test the scale leaves of the tulip bulb for various 

foods to ascertain the nature of their store. 
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The life-story of the tulip is very similar to those of the plants 
already described (e.g. crocus.) Adventitious roots grow rapidly 
from the base of the stem, the central bud elongates and forms 
an aerial shoot. Any food made by the foliage leaves in excess 
of the plant’s immediate requirements passes back into the 
axillary buds on the underground portion of the stem. These 
buds form food-storing scales, foliage leaves, and even a flower; 
in short, each is a potential new bulb (cp. Fig. 1 19, b.). 

Ail the mature parts of the old plant shrivel and die, the 
aerial shoots above ground, scale leaves, and older parts of the 
stem underground; Anally one or more new bulbs are left in 
the ground, enclosed in the shrivelled remains of the parent 
bulb. 

The new bulbs rest through the winter, and growth begins 
again. 


Exercise. You are given specimens illustrating various stages in 
the life of the bluebell, a well-known British bulbous plant. Make 
a aeries of sketches, showing how the bulb b formed. In thb plant 
the reserve food b stored in the bases of the ordinary foliage leaves, 
and not, as in the tulip, in specialized food-storing scales. The leaf- 
bases persbt after the aerial parts of the leaf have decayed. 


A SUMMARY. Wc havc ttow rcvicwcd very briefly the chief 
forms assumed by herbaceous perennials. A careful com- 
parison of their diverse habits of growth shows that these 
plants generally hibernate underground or with some organs 
just above the surface of the soil, and that only their rapidly 
growing summer shoots arc thrust up into the light and air. 
The earth is a good blanket. Frost docs not penetrate it, the 
force of the wind b broken at its surface; hence plants buried 
m It, or growing near its surface, arc less liable to destruction 
than those more exposed to the elements. We know how 
ammals Ukcwbe seek its shelter (cp. p. 387). 

In the woody perennials, with their large permanent overw 

pound shoot systems, there must be other methods of meeUng 

Irost drought and similar adverse conditions. Let us turn to 
the study of this group. w 



WOODY PERENNIALS 


SHRUBS AND TREES. Although these plants differ greatly ir 
size and in their detailed structure they have many features in 
common. Their stiff, branching steins arc protected externally 



Fio. 120. The layer of cork cells formed at the base of 
a deciduous leaf in autumn, w. Wood of stem, pb, vi*. 
Vascular bundles of leaf. is. leaf base. ci. Cork cells 


by a layer of cork, which is pierced by Icnticels (cp. p. 274). 
The older stems have a characteristic bark, fissured, scaly, &c. 
On the younger twigs many scars arc visible; in particular: 

(а) Scars left by leaves of previous years. 

(б) Scars left by flowers and fruits. 

(c) Scars left by bud-scales of previous seasons (cp. eig. 7 oy* 
They all have well-protected buds, the bud-scales developing 
cork, lesin, or other waterproof substance. 
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In the temperate zones one of the most striking features of 
plant growth is the opening of the buds in spring, the fall of 
the leaves in autumn, most woody perennials of those regions 
being deciduous. Before the leaves of one season fall most of 
the new organs (leaves, flowers, &c.) which will be unfolded 
in the next season are already formed; they lie dormant and 
protected within terminal and axillary buds. 


Exercises 

Examine a horse-chestnut tree (a) in winter, (i) in spring and early 
summer. 

Examine winter twigs of the hoise-chestnut, and sketch a typical 
one (cp. Fig. 78). The large Ua/scars are in crossed pairs, and each 
shows about seven dots, which mark the broken ends of veins. There 
are buds (or branches) in the axils of these faUen leaves. The hud-sccU 
rrorr resemble the leaf scars, but are very much smaller, and crowded 
together Mthout mtemodcs. They too occur in crossed pairs, and 
have tmy dormant buds in their axila. scars may ai^o be 

' ““ k' 'iT;!.' round : it endj the growth of 

imt beh,w ”■ from the axiUary buds 

ii::r at;::fl“rhrh"eiTr^^ 

foUage leaves enlarge^ the ilitcmodLbet^^^^^f^'* downwards; the 

continuing until they have reached theirfi'^^i longer, this 

their covering of hairs and ^ ^ (Wtlrir 
Meanwhile the scale leaves are shrrl 1^ ^ surfaces face the light. 
We see that the whole length of s^cm ***°®‘- 



378 GROWTH 

PREPARATION FOR WINTER IN TREES AND SHRUBS. When the 

season’s growth in length is finished, and the tree has unfolded 
its canopy of leaves, it assimilates rapidly, nourishing the parts 
which are in process of development (seeds, growing points, 
&c.), and in addition laying up a store of surplus food in its 
woody parts. As autumn approaches, it prepares for its winter 
rest. A thin absciss layer is formed across each leaf-stalk, with 
a protective layer of cork below (cp. Fig. 120, ck). The 
leaf, cut off from the rest of the plant, and particularly from 
the supply of water, withers, dies, and is blown away by the 
next high wind. A scar is left, protected by cork, the break 
occuring at the absciss layer. The lenticels also become filled 
with loose, powdery cork cells as winter approaches. Respira- 
tion drops to a minimum; assimilation, absorption by the roots, 
transpiration, &c., all cease; the whole tree (or shrub) relapses 
into a dormant condition, in which state it remains until the 
spring rouses it once more to activity. 

EVERGREENS. In some trees and shrubs the leaves last for 
several years before they are shed ; hence such plants are ever- 
green. Their leaves are usually small, tough, and leathery, 
being protected by a waterproof epidermis, often more than 
one cell thick. This enables them to live unharmed through 
winter conditions. 


THORNS, SPINES, AND PRICKLES. Many plants form sharp out- 
growths which make the whole plant ‘prickly’; in England we 
have many prickly shrubs, holly, gorse, hawthorn, rose, black- 
berry, and butcher’s broom being among the commonest. 
These outgrowths may represent modified stems (hawthoni, 
gorse), leaves or parts of leaves (barberry and gorse), or they 
may be merely stiff, sharp-pointed hairs (holly, rose, goose- 
grass, blackberry (cp- 12 1 A)). All such structur^ arc pro- 
bably useful as defences against animals (cp. p. 368). 


Exercise. Examine and sketch any evergreens and an^y 

obtainable. Ask yourself in every ^e the 

it arises in a leaf axil, if a Uaf, it has a bud m tts axJ. 

occur irregularly on both leaves and stems. 
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CLIMBING PLANTS 

Before we finish our survey of the forms of plants we must 
look at the scramblers and climbers. Plants growing close to 
the soil obtain some shelter from the elements^ but arc in 



^ Convolvulus cUmblng on . bramble plant. 
Itself a dunber. B. aemaus, which twines its leaf-petiole round the support 


^ngor of being ovephadowed by their taller competitors. 
Woot^ perenmals build up solid, massive stems by which they 
spread out their leaves to the light and air. Climbing planU 
obtain these necKsit.es in another way; the chief advamage of 
the climbing habit would seem to be that it enables a plant 
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to reach the light without having to build up a strong stem. 
The stems of climbers arc usually slender, with long internodes, 
and quite unable to support their own weight. 


younger tendril, 
uncoiled) 



cf 

compound 


Fio. 123. Plants Climbino bv Tendriu. A. White bryony with .tem 

tendrils. B. Garden pea with leaflet tendrils 

TWINING PLANTS twist thcir stems (hop, black bryony) or 
Icaf-petiolcs (clematis, nasturtium) round a ™ 

CLIMBERS form definite climbing organs, either 
(ocas vetch), or modified branches (white bryony), scrambled 
(rose, blackberry, goosegrass) dimb by their prickles; root climbers 

(ivy) by adventitious roots* 

ERercise. Make a collection of cUmben, examine them, and deter- 
mine how they climb. 



QUESTIONS ON CHAPTER XXVIII 

I. Explain what you understand by an annual, a biennial, and 
a perennial herb. Give one named example of each group. 

а. In what parts of plants may food be stored? Mention definite 
examples in each case. State the nature of the principal stored 
material. Explain how such food resources are rendered available 
for use by the plant. (Ox.L.) 

3. Describe by means of labelled drawings the yearly cycle of the 

pouto or any other named plant which produces bulbs, corms or 
tubers. (C.L.) * 

4. Give an account of the structure of the young stem in a typical 
dicotyledon, and describe as fully as you can the changes that take 
place as secondary thickening proceeds. (L.G.S.) 

5. Describe and compare the general habit and manner of growth 
of a tree and of a herbaceous plant. (J.M.B.) 

б. Give an account of the different ways in which plants pass the 

tvintcr. (Ox. & C.) r 

f “ you can why it is unwise to remove the leaves 

of daffodils, crocuses, and other similar early-aowering plants dircctlv 
dowenng b oven ^ 

8. A tulip bulb is often described as a large bud. Justify this state- 
ment by comparing a tulip bulb with a horse-chestnut bud. when 
both are in the dormant condition* 

9. Describe the structure of the stem of a typical flowering plant. 

and give an account of two examples of stems modified to pwfomJ 
special functions. (L.G.S.) paronn 

nl.'n,’ <lrawmgs to illmtrate the essential features of 

plants which propagate vegetatively by means of (a) runnen 

ceALin^«mm!l°^h* ‘T **' d'‘"mined by 

in wtuch axillary buds grow out. (Ox. & C ) 

ralh animals. In 

it of the climbing h^bil ^ and the advantage to 
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CHAPTER XXIX 


GROWTH IN ANIMALS 


Animal and plant growth. In a former chapter (cp. p. 358) 
we learned that plants usually retain the power to grow all 
through life, adding to their bodies by division of the em- 
bryonic cells at the apical growing points. 

There is no such continuous growth in animals. In early 
life all parts of the body grow; the larva becomes an adult 
insect, the tadpole a frog, the kitten a cat. Soon the animal 
is mature, and by no known process can we add another cubit 
to its stature. Yet, although the size of the body as a whole 
docs not increase, the power to grow, i.c. to renew worn-out 
tissues, is not lost. Crabs, lobsters, &c., cast their shells, snakes 
their skins, birds their feathers, mammals their hairs, and in 
all such cases these structures are renewed. Even in old age, 
the hair and outer epidermis of human beings arc constantly 
being cast off and re-formed, the nails continue to grow, and 
many similar renewals continue so long as life lasts. These 
well-known things serve to bring clearly before us the fact that, 
when growth in the animal body is finished, it still retains tlie 


power of renewing its structure. 

Some animals, like most plants, have great powers ol 

regenerating injured parts (cp. exp. 82). If certain wwms we 
cut in two, each half may grow into a whole animal. 1 he com- 
mon lizard casts its tail, if this is held by an enemy, and groM 
a new one from the stump. The stick insect, so often kept m 
the laboratory, will, if it loses a leg, grow a new one in a s^ 
prisingly short time. The lower we go m tlie scale 

Ufe, the greater on the whole is this power of 
all possefs it in some degree. Even in a human being, though 
he Lnnot get another Umb, yet severe cuts wiU h<^. broken 
bones unite, even injured nerve-endings may he regenerated 

grow at an astonishing rate; in the thir^ ! San 

Urval existence the ‘silkworm' increases its weight more th 

a hundredfold. 
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Experiment toa. Weigh a batch of ten recently hatched cater- 
pillars of the cabbage white or some other butterfly. Weigh them 
again after a week, and again at the end of the second week. Draw 
a graph showing the rale of growth. 

A newly hatched thrush measures about i J inches from beak 
to tail; it is ready to fly 12 days later, and is then about 4 inches 
long. It has more than doubled its size and weight in I2 days. 
A human baby usually weighs about 7^ lb. at birth; this 
weight is doubled in about 20 weeks, is trebled by the end of 
the first year. The increase is still rapid in the second year, 
but it gradually falls off, and continues at a fairly steady rate 
until, at about the twenty-first year, growth b ended. 

The rates of growth of the various parts of the body are 
different at different times, so that the proportions of the body 
vary considerably as development proceeds. We all know how 
is a young puppy. The head of a baby forms about one- 
quarter of the whole length of the body; that of an adult only 
one-seventh of that length. 

SIZE. Animals, even those belonging to the same group, vary 
tremendously in size. Mammab range from the elephant and 
the whale to the tiny harvest mouse : 

*Two of them, in a scale, weigh down just one copper halfpenny, 
which is about the third of an ounce avoirdupois.* (White of 
Scl borne.) 

We cannot say what causes thb great diversity, but it is obvious 
that size is, to some extent, limited by external conditions. 
Mammals are warm-blooded creatures; if too small, their 
surface b so large in comparbon with their size that they lose 
energy by surface radiation more rapidly than they can replace 
it. A mouse must already cat half its own weight every day, 
in order to make good thb loss, while a man only requires to 
eat one-fiftieth of his weight. It follows that a warm-blooded 
mammal much smaller than a mouse could hardly exist; to 
replace heat lost would demand more food than it could *eat 
in the time available. 

Very large size, on the other hand, brings other disadvan- 
tages. Firstly, there b the difficulty of getting rid of the heat 
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formed in the body, since the surface is small compared with 
the volume. Large bodies are also difficult to conceal and 
difficult to support, unless buoyed up by water; hence the 
largest mammab (whales) are found in the sea. In a land 
vertebrate the weight is supported on legs and, for this reason 
alone, the body cannot grow in size indefinitely. Enormous 
quadrupeds require legs so massive that they are almost too 
heavy to move. It seems possible that the gigantic reptiles of 
a past age became extinct because they had over-stepped the 
upper margin of safety in thb respect. 

THE SIZE OF BIRDS is also limited by their way of life. We 
6nd that heavy ones, like ostriches, cassowaries, and kiwis, 
have lost the power of flight. To raise and sustain so heavy 
an object in the air would be a most difficult task. It is interest- 
ing in thb connexion to inquire how much ‘fuel’ birds need 
when they fly. Experiments have shown that golden plover 
travel from Nova Scotia to South America, a distance of 
2,400 miles over open ocean, in 48 hours, and that during the 
journey they lose 2 02. of fat, i.e. these particular birds use 
2 oz. of fat, a very concentrated form of fuel, for covering a 
distance of 2,400 miles! 

THE SIZE OF INSECTS. A tiny flying creature incurs different 
risks. It b at the mercy of the elements, and may be bIo\vn 
far afield, possibly far out to sea, especially during a g^c 
Here is a graphic description of a disaster of this kind, which 
overtook some cabbage white butterflies on the Norfolk coast 
on 4 June 1931 : 

‘I suddenly caught sight of what seemed to be a snow-storm drift^ 
along the hills before the east wind. As the snow-flakes approached 
they resolved themselves into large while cabbage buttcrflia (Hens 
brassicac). At times the whole sky was full of them. . . . With my 
glasses I could detect clouds of these butterflies drifting across the 
sea on a wide front. Pursued by various birds, and buffeted by the 
wind, they fell to the ground bruised and broken.* (Turner, Hira 

Watching at Scolt Head.) 

It has been suggested that the size of insecte is abo 
by their method of breatliing (cp. p. 291). Oxygen reac 
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their internal (issues largely by gaseous diffusion, and, this being 
a slow method of transport, it could not supply cells very far 
from the surface. 

SIZE REGULATED BY NATURAL SELECTION. Wc have Said 

enough to show that there are certain upper and lower limits 
set by external conditions to the size to which animals can 
grow. Those that transcend these limits run great risk of 
destruction, such ‘outsizes’ often perishing when the struggle, 
for existence becomes severe. Hence there is a continual pro- 
cess of natural selection^ by which only those whose size is suitable 
to the conditions are left to carry on the race. 

GROWTH AND EXTERNAL CONDITIONS. Animals, Ukc plants, 

can only grow if given the right environment. Water, food, 
air, and the right range of temperature arc necessary for all 
living things (cp. p. 358). 

Experiment 103. Divide some frog’s spawn, water-snail’s eggs, 
or other similar material into two batches; keep the one batch in 
a warm laboratory, the other under similar conditions, but in an 
unheated room. Make notes of times of hatching, rate of growth, 
&c. The former group develops much more rapidly. 

If a bird deserts its nest the embryo birds inside the eggs 
die from cold. Animals are, perhaps, more easily killed by 
adverse conditions than are plants, Wc are gradually realizing 
the importance of a healthy environment to the growth of 
children; hence the agitation for slum clearance, for a pure 
milk supply, for holiday camps and open-air games, for sunny 
well-vcntilated homes and classrooms, for good food and proper 
medical supervision; in short, for such conditions as will ensure 
healthy growth and give us a nation composed largely of indi 
viduals with an Ai physique. 

PREPARATION FOR WINTER. HIBERNATION. In a country like 
Great Britain the effects of temperature change on animal 
hfe are very noticeable. Cold usually brings all growth to an 
end. Many creatures die before printer sets in, leaving eggs 
which are able to withstand low temperatures. Of humble- 
bera and wasps all die except the young queens; these hiber- 
nate in some burrow or crevice, and each can start a new 


N 




Fio. 123. Effects of Lack of Thyroid on Human Development, On left, child with siunird growth and mental 
deficiency resulting from maldrvelopment of thyroid gland. In centre, the same child after some monllis’ ircatnienl 
with shcep^s thyroid. On right, the same child a year later. The lymptoms have returned, its parents having refused 

to continue treatment. (Photographs by Dr. Max G. Schlapp) 
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colony in the following year. The beehive witnesses the 
‘massacre of the drones’ as winter approaches. Many creatures 
disappear underground; earthworms burrow down into layers 
of soil beyond tlie reach of frost, ants retreat into the lowest 
part of the nest. Many a chr>'salis lies buried in the ground. 
The land-snail closes the opening of its shell by a thin but 
porous plate (the epiphragm), and retires to some sheltered 
crevice to live through the winter in a state of torpor. So 
deeply engrained is tliis habit that even when kept indoors 
snails hibernate completely, although they are warm and well 
supplied tvith food. 

Even among vertebrate animals similar preparations for 
winter are to be observed. Toads, frogs, and newts seek safe 
hiding-places among thick moss, in the uninhabited burrows 
of other animals, under decaying water-weed, or buried deep 
in the muddy bank of a pond; indeed, except for the warm- 
blooded creatures, mammals and birds, who can keep up their 
body-tcmpcrature in spite of the surrounding cold, few animals 
arc to be seen during the winter months. Even these groups 
contain many birds that migrate to warmer climes, while 
certain mammals hibernate through the winter. Dormice, 
squirrels, &c., sleep lightly, waking up during any warmer 
spell; hedgehogs, bats, &c., sleep very deeply the whole winter 
dirough. The hedgehog rolls itself into a tight ball, and buries 
itself among dead leaves in some sheltered hole. Bats retire to 
some church tower, old barn, hollow tree, or cave, where they 

hang, head downwards and enveloped in their wings till 
spring returns. * 

In all these dormant creatures life is at a very low ebb. They 

store up food during the summer which keeps them just alive 

dunng the winter; respiration is at a minimum; in vertebrates 

the heart beats slowly and faintly; there is the minimum of 

acuvity and the minimum of waste, and the fat or other food 

stored dunng the summer is enough to supply these minimum 
necds^ 

CHEMK^L FACTORS iNFLUENGiNO GROWTH. A recent discoverv 
of great ‘nterrat is that Uiere are certain chemical substances, 
hormones, which exert a profound inHucncc on gro^vth (cp! 
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p. 225). One of these substances is thyroxin, a compound which 
can now be manufactured in a chemical laboratory. Verte- 
brate animals secrete this substance in the thryoid gland of the 

neck. It is essential to healthy growth; 
a baby whose thyroid is not active de- 
velops quite abnormally into a repulsive 
idiot (a cretin). Fortunately this con- 
dition can be remedied by the adminis- 
tration of pills containing thyroxin (cp. 
Fig. 123), 

The change from tadpole to frog (cp. 
p. 321) also depends on a supply of 
thyroxin. The thyroid gland can easily 
be removed from newly hatched tad- 
poles, and such animals will continue 
to grow, but without undergoing meta- 
morphosis (cp. Fig. 124). Conversely, 
if thyroxin is given in excess, the change 
takes place prematurely, and very 
miniature frogs are produced. The 
substance apparently affects the rate of 
growth, accelerating this rate in some 
tissues (c.g. limb buds, &c.) and in- 
hibiting it in others (c.g. gills). In tl^ 
respect its action is like that of auxin in 

plants (cp. p. 358). 

In human beings it has recently been 
shown that size is to some extent regu- 
lated by the secretion of another gland, 
the pituitary, which Ues in the skull under the base of the brain. 
Excess of pituitary secretion in early childhood leads to in- 
creased growth, especially in the long bones of the limbs, so 
that the child becomes a giant; diminished secreUon, on th 
other hand, leads to the production of a certain type ol dwan. 
Vitamins (cp. p. 51) also exert a great influence S''° ’ 

lack of any of these substances profoundly alm^pS 
development of the animal. A bandy-legged, rickety condi 
tion, for example, is one result of the lack of vitamin D. 


Fio. 124. Showing how 
the secretion of the thyroid 
gland alfects growth. Both 
tadpoles are of the same 
age. The one on the right 
(the control) has metamor- 
phosed normally. The one 
on the left had its thyroid 
removed early. It has not 
turned into a frog but has 
grown into an abnormally 
large tadpole 
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ANIMAL GROWTH. CONCLUSION. TMs rcvicw of somc of thc 
more striking facts about growth in animals shows us how 
complicated are thc processes at work, and how little we know 
about them, particularly about the way in which the growth 
of different parts of the body is co-ordinated. Much remains 
to be discovered; biologists have so far only explored thc 
fringes of this great subject (cp. p. 346). 


THE GROWTH AND DEVELOPMENT OF THE 
INDIVIDUAL ANIMAL BODY 

We know (cp. p. 319) that the frog starts life from a single 
cell. With a few exceptions, most animals start in a similar 
manner (cp. p. 433). Let us see how this cgg-ccU develops 
into the adult animal. 

CLEAVAGE OP THE EGG. Development begins with the 
division of the cgg-ccll into two, four, eight, sixteen cells, and 
so on; usually there is no increase in size during this first phase 
of development; the protoplasm is being subdivided into 
smaller units, each presided over by its own nucleus (cp. 
Fig- >25. 1-5). These units arc all undifferentiated embryonic 
cells, like the egg-cell which produced them. Indeed it is often 
possible at thc two- or four-celled stage to separate them by 
delicate dissection, when they are found to be so alike that, 
in many cases, c.g. frog, each cell will grow into a whole animal! 

It seems possible that ‘identical’ human twins, who are 
always of thc same sex and more like each other than ordinary 
brothers and sisters, arc produced in this way, by separation 
of the two cells resulting fi^m thc first division of the human 
cgg-ceU. This ccU is only one-tenth of a miUimetre in diameter. 

^Bi^TULA. Cell-divisions continue until a hoUow sphere 

IS formed (cp. Fig. 125, 7). This represents a stage through 
which most muluccllular animals pass in the course of develoD* 
ment, the sphere being c^led a blastula. In the dcvclopmcm 

of the frog (cp. Fig. 98) the blastula stage is reached about aa 
hours after thc beginning of cell-division. ’ 

THE OASTRULA During the next phase of development the 
b^tula IS transformed into a two-laycred and often cun- 
•haped structure, the gastrula. This transformation is brought 
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about in various ways, one being by the ingrowth of one half 
of the blastula wall against the other half, a process known as 
invagination (cp. Fig. 125, 9-1 1). The cavity of the sphere is 
obliterated and a new central cavity is formed. The cells of 
the embryo are no longer exactly similar; no longer can one 
of them, if separated from the rest, grow into a whole animal. 
Very early in the life-history differentiation begins, and the 
cells arc so marshalled that each will give rise to certain limited 
and well-defined parts of the whole body. 

COELENTERATES. The animals belonging to this group, such as 
Hydra, jelly-fish, sea-anemones, and corals, never pass beyond a 
gastrula-like stage of development. They retain this form with com- 
paratively unimportant modifications, such as the formation of 
tentacles round the mouth, &c., all through life. In Hydra, for 
example, the cells of the gastrula become difTcrentiated into the 
various elements of the ectoderm and endoderm, while the cavity 
of the gastrula represents the gut cavity of the mature animal (cp. 

Fig- 31)- 

THE THREE-LAYERED STAGE. GROWTH AND DIFFERENTIATION. 


In all the higher animals the gastrula stage is a temporary one, 
and is succeeded by a far more elaborate three-layered struc- 
ture, in which the chief organs of the adult, nervous, circula- 
tory, digestive, excretory, &c., begin to be mapped out. 
are still dividing, here more rapidly, there more slowly; fold- 
ings of all kinds occur, and gradually a rough rnould of the 
future organism is formed. Its shape alters continually, an 
new organs constantly emerge. The rudiments of the various 
organs consist at first of undifferentiated cells, but these become 
more and more specialized as development proceeds (cp. 
Fig. 98) ; the higher the animal, the greater is this specializa- 
tion. As the formation of tissues proceeds growth slows down, 
for this takes place chiefly in embryonic cells. Power to grow 
is one of the capacities that is sacrificed for specializauo^ 
another power lost is the ability for such cells to exist in 


pendently. 

There is a close parallel here between the development 
body and that of a human society. As civilization a ^ 

Ln and woman becomes more and more of a specialist, each 






12 


two-laycred embryo by ingrowth (invagination). u-,i. 
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member of the group gains increased skill at his own job, the whole 
corporate life reaches a higher level of efficiency — a level quite un* 
attainable by one man working alone. Similarly, the individual body 
progresses from simplicity to complexity, and the higher the organism, 
the greater is this complexity. 


GROWTH AND METAMORPHOSIS 


Some animals, in the course of their individual lives, pass 
through two separate and independent phases, so unlike each 
other that we say they undergo a compUu metamorphosis^ or 
change of form. Who, seeing the tadpole swimming acuvely in 
a pond, could suspect that it was a larval frog? Or who would 
connect the caterpillar with its butterfly, without previous 
knowledge of the growth of these animals.^ Yet we know that 
a similar metamorphosis occurs during the growth of many 
animals. Non*biologists are perhaps most familiar with it 
among the insects. 

INSECT GROWTH, BIETAMORPHOSIS, AND ECDYSIS. Among ID- 

sects indirect development is very usual. There are a few 
which undergo no obvious change, the newly hatched young 
being miniatures of the adults (e.g. silver-fish). 

In others (e.g. locusts, stick insects, cockroaches, earwigs, 
&c.), the change of form during growth is very slight. A young 
wr^troflcAJustescapedfrom theegg-case (cp. Fig. 159) is very like 
its parents except that it has no wings, and in many cock- 
roaches these never develop, but remain vestigial (cp. p. 157)’ 

The difference between the young animal (nymph) and the 
mature insect is more striking in dragon-flies, may-flics, and 
related forms. The aquatic larva of the dragon-fiy is something 
like the adult animal, but has no wings. These develop 
gradually, becoming visible as wing-pads after the second or 
third moult. From that time on they increase in size all through 
the long larval life. The nymph then comes out of the water 
to pupate (cp. Fig. 97 )- The winged insect ^hich finally caste 
off the pupal skin uses its tracheae for air-breathing and its 


wings for locomotion. ^ 

The metamorphosis of the highest insects flies, 
butterflies, moths, &c.— is stiU more complete. 


bees, ante, 
Wc have 
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studied it already in the mosquito (cp. Fig. 96) ; the life-histories of 
the butterfly, the ant, and the bee are told in Chapter XXXVI. 
In all these creatures the whole form of the larva (‘caterpillar*, 
‘grub*, ‘maggot*) is different from that of the mature insect. 
It has no compound eyes, its mouth parts are different, it has 
no wings, and so on. In some groups (e.g. the ‘maggots* of 
flies) it is even limbless and has only a very ill-defined head 
(cp. Fig. 126). 

During metamorphosis these creatures all pass through an 
almost motionless stage known as the pupa or chrysalis. The 
winged insect that emerges (imago) is mature, and there is 
no fiirthcr growth. 

GROWTH AND ECDYSis. The growth of insects is further 
complicated by the presence of a hard, lifeless, incxtensible 
exoskeleton (cp. 402). This difficulty is overcome by that 
periodic eedysis or casting-off of the skeleton which is characi 
teristic of the whole arthropod group (cp. pp. 157, 312, 315). 
The number of such moults varies greatly in different forms: 
they are always most frequent in young animals. ‘These 
periodic rooultings during adolescence arc very expensive and 
hazardous* (J. A. Thomson), nevertheless this method of 
growth is found right through the phylum. Let us review its 
occurrence in the insects we have studied. 


The cockroach casts its cuticle seven times before, at five years old, 

« is mature. If wings appear, they come after the last moult. Dragon- 
fly nymphs moult from ten to fifteen times, the first occasion being 
some two minutes after they hatch out from the egg. When ihev Ieav$ 

h nyn.ph^e> being 

cast off by the emerging winged insect. Mosquito and gnat larvae 

‘'""e transformed into 
a pupa. This pupal sbn is cast off (fourth moult) as the fuUy grown 
winged insect emerges (cp. Figs. 96, 97). ^ ^ ^ 

The lives of other insects are ff^iven on nn a<A j 

growth by reviewing the life-history of a very common insect 
the house-fly. This ubiquitous insect 

“ two-winged and aerial. It feeds largely on UaSd 
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The female deposits her eggs in moist and decaying organic 
tnaticr — for example in manure-heaps, a favourite haunt — and here 
the larval life is spent. It is these unhygienic customs that make 
flies so dangerous. Their number would be kept down if no suitable 
breeding-places were available. 

About one hundred small, white, cigar-shaped eggs arc laid. 
Witliin a short time — it may be only twelve hours if the temperature 



Fxo. 126. The Development op the Common House-fly. c. Eggs 
(much magnified), b. Larva. «. Pupa. (From Theobald) 


is favourable— tiny, soft, white, legless ‘maggots’ emerge (Fig. 1^26 b). 
They have segmented bodies, with a small head at the pointed <ma, 
and twelve visible segments. On the last seven {6-12) arc spina 
which function instead of legs. Two pairs of spiraclo open on the 
surface, one pair on the second segment, the other on the last one. 

The larva moults twice, each time increasing in size, and ^cn mova 
away from the light to pupate (cp. Fig. 126 ^). Ii docs t is ^ 
larval skin, which shrinks and becoma an oval, brownish shell-1^ 
structure, within which metamorphosis occurs A f 
(the time depends on the temperature), the full-g^o\^m fly V 

,0 emerge. The cuticle b split for the last time, the fly breakmg U 

open at one cnd« 
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The whole development, from egg to a new batch of eggs, may 
only occupy nine or ten days. 

Exercises 

Collect the eggs or caterpillars (larvae) of any Bntish insects, 
especially of butterflies or moths, and study their development. 

Purchase some silkworm eggs and study their growth and 
development. 

Revise the story of the lives of the frog, dragon-fly, and mosquito, 
told in Chapter XXV. 

GROWTH AND MIGRATION 

Another series of very interesting life-stories is that in 
which growth is intimately linked with migration. Born in 
one environment, the young animal travels far afield to com- 
plete its development in quite different surroundings, this 
journey being a constant and apparently necessary feature of 
its growth to maturity. 

THE LIFE-HISTORY OP THE SALMON. In autumn and winter 
female salmon lay their eggs on gravelly beds in the unper 
reaches of clear rivers. The male pours his fertilizing fluid 
over them (cp. p. 431) and the eggs arc then covered with 
gravel by the female. When the egg hatches, a tiny larva 
ernerges, which is at first encumbered by a large swelling con- 
taining i-e- food stored in the egg-cell for use during 

the early stages of development (cp. Fig. 163). This store is 
soon absorbed, and the little fish, now about six weeks old 
and an inch long, begins to find its own food. 

Growth continues slowly and steadily. The young creatures 
arc about 4 inches long at the end of their first year, being now 
caUed parr by fishermen. When their second birthday draws 
near they are about 8 inches long. Soon they become silver- 
coloured (the fishermen now call them smolls), and begin to 
make their way out to sea. Here food is more plentiful than 
m the nver; they feed greedily on herring and other fish and 
grow rapidly, until finally, cither as gritf. (young salmon about 

half years old) or zs fully mature salmon, they make their 
way up the nver once more, to lay eggs in their turn. This 
egg-laymg so exhausts them that they often faU victims to 
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one of their numerous enemies. Many fish, therefore, only 
spawn once. Others succeed in making their way back to sea, 
whence they return later to spawn again. 

THE FRESHWATER EEL. Another somewhat similar life-story 
is that of the common eel. The cels of European ponds and 
rivers pass out to sea when mature. They travel at night and, 
pressing ever forward, may even wriggle for long distances 
over damp grass (cp. p. 313). Once in the sea, they swim for 
hundreds of miles until, arrived in the deep waters of the west 
Atlantic, they spawn and die. The eggs hatch, the young 
come to the surface, and soon the delicate larvae begin their 
long journey back to the European rivers from whence the 
parent eels came. 

About eighteen months elapse before, as elvers^ tiny creatures 
about inches long, they reach those rivers, many of them 
having travelled over 3,000 miles from the place of their birth. 

BIRD MIGRATION is a big subJcct which we can only touch on 
here. Some birds do not migrate, but spend their whole life 
round about their birthplace, e.g. house-sparrows, rooks, and 
robins; others move short distances, like the gulls who come 
inland as winter approaches; many move a much greater 
distance; until finally we come to birds who fly more than 
half across the globe, making this journey twice a year (cp. 

p. 384)- . . . u 

The first flight of the year’s fledgelings is always from a colder 
to a warmer latitude, the migratory bird nesting at the colder 
(in our hemisphere northern) limit of its range. Swallows, 
cuckoos, nightingales, &c., who spend the summer in Englan^ 
are born here, go south as winter approaches, return and breed 
here, and so on; duck, fieldfares, &c., on the other hand, are 
winter visitors; ^cir nests arc far north, often within the ArcUc 

zone. - 

The routes these birds follow, the rates at which they fly, 

the stimuli which drive them to undertake such journeys— th«e 
and many other allied problems are being intensively studied. 
Perhaps the best way of realizing how great these problem? 
arc b to study some definite stories of bird migration. 

SWALLOWS. Every spring, usuaUy in April, the first swallows 
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appear in England. To those who know their story, the sight 
of these new arrivals darting here and there over house or bam 
is indeed a thing to stir the imagination. The birds have 
probably come from the eastern coast of South Africa. The 
process of ringing, i.e. of placing a light aluminium ring round 
a young bird’s foot, has enabled us to trace some of them, and 
many birds ringed in the British Isles have been caught in 
Africa or on the way there. 


‘The astonishing thing is that they are all clustered in an area no 
larger than Great Britain on the eastern seaboard of the Union, i.c. 
looking not on the Atlantic but on the Indian Ocean.* 

‘Tliere must be a definite concentration of British swallows in 
winter quarters at the farthest end of Africa, seven thousand miles 
from home as the crow is reputed to fly, and perhaps ten tliousand as 
the swallow flies, foraging continually as he skims over fields and 

waters at an easy 25-30 air-miJes per hour.* {Tht Wruk of the Swallouxs, 
by E. Nicholson.) 


In spite of the enormous distances they travel, swallows have 
often been found to return to the same spot year after year. 

*A swallow marked in Aberdeenshire in 1912 returned to the same 
farmstead the following year. A swift ringed in Ayrshire in 1914 was 
recaptured m the same place in 1918, having doubtless been to Africa 
four umes in the interval.* (Thomson, Biology 0/ Birds.) 

Remembering all this, is it remarkable that the arrival of 
the first spring swallows stirs the imagination of the bird-lover? 
VC17 soon after they appear the birds are busy nest-making, 
their half-cup-shaped nests, built of mud and straw and lined 
j^th fcathera and fine grass, being very familiar. Two or three 
broods are hatched, and then they are off on their long journey 
once more, the young birds leaving first, the older ones goine 
some weeks hter. The majority of British-born swallows seem 
to follow the Atlanuc seaboard fairly closely, crossing the 
Methtcrran^n at the narrow Gibraltar end. Whether^ they 

double the Cape of Good Hope or fly across country to reach 
their winter quarters is sUU unknown. ^ 

THB CUCKOO. This bird, which, like the swallow U 
summer visitor, is interesting because of its nesUng habits It 
IS a parasite (cp. p. 195), faying it, eggs in other birds’ nests 
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and leaving its young to the care of foster-parents. With con- 
siderable stealth the cuckoo introduces its egg into the nest 
of some other bird, such as a hedge-sparrow or meadow-pipit, 
either laying it in the nest or depositing it on the ground and 
then placing it in the nest with its beak. 

When the young cuckoo is hatched it ejects its foster-brothers 
and -sisters; the slightest touch sends the cuckoo fledgeling into 
strong convulsions, and it is during this upheaval that the 
other nestlings are thrown out. It is a curious comment on bird 
mentality (cp. p. 219) that the foster-parents make no effort 
to rescue their own young, but go on diligently feeding the 
intruder, the feeding being continued for some time even after 
the youngster has left the nest. 

Another puzzling fact in this curious life-history is that the 
adult (parent) cuckoos leave England many weeks before their 
offspring. Yet the young cuckoo, knowing no parental care 
or training, often brought up by birds who do not migrate, 
sets off after its parents when the appropriate time comes. 

THE PROBLEMS OF sfiGRATiON. Thcse Ufc-storics make clear 
how great are the biological problems connected with migra- 
tion. What is the origin of this racial habit? What drives a 
salmon to leave the rich feeding-grounds of the open sea and 
make its way up some small river? Or the cel to leave ^e 
safety of its pond for that great migration to the south Atlantic? 
Or the swallow to leave the rich African country for our islands 
with their less luxuriant insect life? Obviously it is not just the 
call for food. The impulse U inborn; the cuckoo, eel, and 
salmon migrate, although they never sec their parents. They 
do not go as the result of any teaching. How do they know 
when to go or where to go? How do they find their way. 

We cannot answer these questions; biology is a young sub- 
ject, and all through our work we light upon these great 

unsolved problems. 
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QUESTIONS ON CHAPTER XXIX 

I. What conditions are necessary for a baby to develop into a 
healthy adult? How do you think the conditions under which we 
live might be improved to that end? 

9. Give a short, illustrated account of the general processes of 
development from the egg of a vertebrate animal. 

3* Describe the changes in external features which take place 
during the life-history of the frog, from the earliest tadpole stage to 
the stage of the small frog. (J.M.B.) 

4. Give a short, illustrated account of the development of the frog 
or butterfly, commenting on any features of special interest. 

5. Give a short account of the changes tiiat take place during 
metamorphosis in the butterfly and (he frog, and show how these 
changes arc associated with the changes in the method of locomotion 
and of obtaining food. (L.G.S.) 

6. Write a short essay on animal migration and its relation to 
animal growth. 

7. In what way and why do seasonal activities of cold-blooded and 
warm-blooded animals differ? Illustrate your answer by reference 
to examples known to you. (J.M.B.) 

8. Dc^ribe three different ways in which animals prepare for 

winter. Do you know of any similar methods among plants? (C.L.) 

seasonal activities of the ‘cold- 
blooded and warm-blooded* animals differ? Illustrate your answer 
by reference to examples known to you. (J.M.B.) 

10. Give an account, illustrated with diagrammatic sketches, of the 

^c-history of an insect having a metamorphosis, confining your 
answer to external features. (C.W.B.) ^ ^ 

11. What do you understand by metamorphosis? Illustrate your 

(aWB.)’' “ wliich this phenomenon occur.. 

mo'ths.'^(aL*’)' '“■'-’'“•“■T' of butterflies or 

13. What is understood by the term ‘complete metamorphosis’? 

inX'd''" I “ f^“oribe three^istinct 

stages in the dcvclopmen of the frog. (Ox.L.) 

14. Contrast the external characicn of We frog and the insect 
maos meant when u U stated that both 
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CHAPTER XXX 

GROWTH, FORM, AND MECHANICAL SUPPORT 

THE ANIMAL SKELETON 

As living creatures develop they not only increase in size and 
become more complex in structure, but gradually assume a 
definite and characteristic form, by which they are easily 
recognized. Living protoplasm is semi-fluid (cp. p. 39). Now, 
ordinary fluids have no form; they take that of the vessel 
in which they are contained. How, from liquid or gelatinous 
protoplasm, can a rigid structure like a tree-trunk or your 
own body be built up? The answer is, of course, that as 
growth proceeds, the protoplasm produces a framework of 
some kind which gives it form and rigidity. This framework 
consists, at least in part, of lifeless matter, and we know that 
it often persists after the death of the organism (cp. p. 25). 
It is from woody stems, shells, bones, &c. — in short, the hard 
parts of the body — which have remained as fossils in the rocks, 
that we learn a great deal about plants and animals (e.g. great 
reptiles, prehistoric man, &c.) long since extinct, and try to 
reconstruct their appearance. 

MECHANICAL SUPPORT IN PLANTS 

TURGiDiTY. The problem of support in plants is not compli- 
cated, as it is in animals, by the necessity for locomotion, 
and plant protoplasm encloses itself completely in a supporting 
and protective framework of cell-walls. Directly a new c^ 
is cut off its wall is formed (cp. p. 44). As we h^vc leam 
already (cp. p. 96), young plants owe their rigidity cntucly 
to pressures developed in these walls. If the cells wither or 
water is artificially withdrawn from them (cp. exp. 25), t cy 
collapse like so many deflated footballs, and the whole plant 

becomes limp and flabby. . 

MECHANICAL TISSUE. As plants gTOW older and larger, 
increasing weight of branches, leaves, &c., demands ^eat^ 
support, and definite mechanical tissue is formed. Cell-waiis 
become thickened by the deposiUon on them of addiuonal 
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layers of cellulose or lignin (cp. p. 92). Such cells arc often 
long and pointed, the interlocking of these pointed ends giving 
great mechanical strength (cp. Fig. 22). Stems, which have to 
withstand the force of the wind, the weight of snow, &c. ; roots, 
which are exposed to the pull of swaying, top-heavy stems; 
leaves, which must not tear in a gale and yet must be held 
firmly exposed to the light — all these require different arrange- 
ments of the mechanical tissue, and it is formed where it will 
best comply with these varying needs — near the centre in roots, 
nearer the periphery in stems, and so on. 

MECHANICAL SUPPORT IN ANIMALS 

In animals the supporting tissue must give rigidity, but at 
the same time there must be freedom of movement. There 
is a certain conflict between these two requirements, and we 
find many different forms of skeleton in animals, some of which 
we will now examine. We may divide them roughly into: 

(1) those formed on the outside of the animal {exoskelelons), 

(2) those formed internally {endoskeletons), 

EXTERNAL SUPPORTING TISSUE. Thxs oftcn takes the form of 
a shell on the outside of the animal, pierced by one or more 
holes through which the soft parts used in locomotion, &c., 
can protrude. These ‘shells’ arc of very varied form. Tiny 
perforated ones are made by many unicellular marine animals 
(Radiolaria, Foraminifera) ; during the life of the creature its 
pseudopodia were pushed out through the perforations. Chalk 
and limestone rocks consist almost entirely of such shclb, which 
fell to the bottom of the water when the animal died. 

Larger shells (single or univalve, and double or bivalve) 
can be studied in the phylum Mollusca (snails, whelks, mussels, 
oysters, &.c.). From these the living animal protrudes a 
muscular ‘foot* for locomotion. Such shells, which continue 
to grow after they arc formed, give support and protection, 
but they arc heavy to drag about and restrict movement. 
Molluscs as a group arc sedentary animals, escaping their 
^emies, not by flight, but by retreating within the shell. 
These shells often somewhat resemble the surroundings in 
which the creature lives; for example, many snails living 
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on chalk downs have whitish ones. (Protective coloration 

(cp. p. 410).) 

Another form of cxoskeleton is the type so familiar in a crab 



Fio. 127. Skrlrtons of man and horse with outline of the bodies to show 
the correspondence of general plan. E, elbow; H, heel; K, knee, P, 

Sh, shoulder-blade; T, uil-vcrtcbrae; W, wrist. (Brit. Mus.— Nat. Hist -1 


or lobster (cp. p. 2O4), where it resembles a medieval coat of 
mail. All Arthropoda (crabs, lobsters. &c., insects, spiders) have 
supporting tissue on the outside of the body; it consists ofa 
cuticle formed by the epidermal cells (cp. p. 393)- the crabs, 
&c. (Crustacea), it is harder than in the other subdivisions ot 
the group, owing to its becoming impregnated with salts ol 

Such a skeleton has many joints, and muscles which p^ 
across these joints are attached to it inteTnally (cp. Fig. 5 b 
It is by their contraction that the joints arc moved. 
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arthropods, in contrast to the molluscs, are an active clan; 
this form of skeleion, with its attached muscles, makes such 
activity possible. These creatures all have numerous legs, some 
of which they use for locomotion. Four pairs of walking legs 
are characteristic of spiders, three pairs of insects (cp. Fig. 86) ; 
many Crustacea also use four of their many pairs for this purpose. 

This arthropod skeleton has one grave disadvantage. It is 

a dead product which, when once formed and hardened, 

cannot stretch; hence it hinders growth. This difTiculty is 

partly overcome, as wc have learned (cp. p. 393), by the 

phenomenon of ecdysij. When the skeleton gets too tight for 

the body within, it ruptures and is shed. The animal is left 

temporarily unprotected, but free to expand. Then the new 

shell hardens and there can be no further increase in size 

(though new cells may continue to be formed) until the next 

moult. Many examples of this method of growth arc given on 

p. 393. Eedysis continues all through life in some arthropods, 

e.g. in the crayfish, but is always far more frequent in early 

life, when growth is rapid. The adult crayfish only casts its 
‘crust’ once a year. 

Eedysis ceases in insects when the winged animal is formed. 
It docs not occur in die mature insect. 


Escrciscs 

Examine pictures or prepared microscope slides of Foraminifera 
and Kadiolana, 

Collect and examine the thelU of any molluscs, e.g. snails, which 
occur near your home or school. Observe ti>e living animal, and 
discover what you can about its way of life. It is interesting to collect 

iDdwtdual variation, 

famine the external structure of a crayfish, a crab, and of a beetle 
other insect. Notice particularly the cxoskcleton, examine the 
jomts, and ask yourself how much movement they allow. 

THE VERTEBRATE ENDOSKELETON 

In the amrnals we have just examined the supporting tissue 
was exclusively or largely external. In vertebrates it is^^cn! 
tially internal, although, m scales, nails, hoofs, horns, &c.. wc 
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have in this group, too, a skin skeleton. There is a great 
similarity between the skeletons of all vertebrates; indeed, the 
name of the group is derived from their characteristic back- 
bone of separate vertebrae. 

We may conveniently distinguish between: 

{a) The axial skeleton, which supports the head and trunk. 
(A) The appendicular skeleton, which supports the limbs or fins. 
The axial skeleton consists of: 

(i) The skull and the bony supports of eyes, ears, nose, and 
jaws, these latter constituting the bones of the face. 



(2) The vertebral column, which exhibits metameric segmenta- 
tion, being made up of separate vertebrae all similar in 
structure, to some of which ribs arc attached. 

The structure of a typical vertebra is shown in Fig. 128. 
The appendicular skeleton consists of two limb-girdles supporting 

two pairs of pentadactyl limbs, or, in fishes, two 
1 ^ ^2 pairs of fins. (There is skeletal tissue, too, in 

r the median fins (cp. p. 288).) In all land verte- 

brates (amphibia, reptiles, birds, and mam- 
Fig. 129 mals) the skeleton of limbs and limb-girdles 

can be referred to one generalized plan. The 
girdle consists of two half-hoops of bone, each hoop consisting 
of three bones arranged as in Fig. 129. The limb articu ates 
where the three bones meet. The names applied to these 
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bones in pectoral and pelvic girdles respectively are shown 
below (Fig. 130), while Fig. 131 illustrates the genera! plan of 
the limb of land vertebrates. Such limbs arc called pentadactyl. 
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‘Nowhere, perhaps, in the animal kingdom docs one meet 
such a host of yanations of one fundamental ground-plan as 
in the hmb-skcleton of the higher vertebrates* (Dakin) Let 

us now examine in more detaU the skeletons of some charac- 
tensue members of this phylum. 
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Exercise. Examine and sketch (a) mounted skeletons, (i) sepa* 
rate bones, of certain vertebrate animals, c.g. of a fish, frog, bird, 
and mammal. If possible examine one of a human being. You will 
probably find it possible to obtain the skeleton, or parts of the same, 
of a fish, a domestic fowl, and a rabbit, at home. Collect the bones 
of these creatures when they have been used for food, well boil them, 
and pick off the remaining flesh. 

Experiment 104. Take ttvo rabbit bones (the femur is very suitable) 
and weigh each separately. Place one in dilute hydrochloric, and 
leave for a week or two, changing the acid once or twice. Then dry 
the bone and weigh it again. 1 1 has lost some 67 per cent, of its weight 
and is now quite soft and flexible. 

Break up the second bone and heat it strongly in a crucible. It 
becomes black, later it turns white, and finally all that is left is a 
crumbling, brittle mass. Weigh this; it represents 33 per cent, of the 
original weight of the bone, and contains all the mineral salts. (These 
will di-ssolve in hydrochloric acid. Try this.) The gelatinous frame- 
work left when these salts were dissolved out from the first bone 
represented the organic substratum of the bone. 

THE PROO SKELETON. The skull consists of the bony brain-case 
(cranium), of nasal, ear, and eye capsules, and of the bones of the 
upper and lower jaw, the former being firmly attached to the cranium. 

The vertebral column consists of nine vertebrae, all very similar in 
form, and of an unsegmented bony rod, tlie urostyle. All these 
vertebrae, except the first, bear transverse processes, at the ends of 
which are small knobs of cartilage, representing the frog’s very un- 
developed ribs. The transverse processes of the ninth vertebra are 
large and directed backwards; they serve for the attachment of the 
pelvic girdle. The centrum of a typical vertebra (2-7) is concave m 
front, convex behind, the protuberance of the first fitting into the 
concavity of the next in the series. Eight and nine are biconvex; 

one is modified anteriorly to bear the skull. , . 

THE APPENDICULAR SKELETON. In the pectoTol gxfdU of the frog we 
recognize scapula, clavicle, and coracoid. The two ventral ends ol 
this girdle are united by the sternum or breast-bone. ^ 

The fore-limb is short and weak, and of little use in locomoUon. 
There are four in-turned toes. The skeleton of this limb conform to 
the plan outlined on p. 405 ^ Fig. 131. The chief points of diver- 

gcncc are: 

(a) The ulna and radius are fused. 

(b) There arc only six carpals. 
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Fio. isa. Thb Skeleton of a Froo. seen frou above. 4 
RSiragaJus; c«r., carpaJ or wrist bona; e/.. clavicle; cal. 
caneum; ter., coracoid;/*., femur; h., A.', heads of humerxis and 
fcmur; Aa.. humerus; if ilium; i,., ischium; ™.c.. mciacarpaU; 
M., metatarsals; oL, olecranon process; ph., phalanges; r.u., 
radioulna; distal tarsals; /„ libiofibula; a., urostylej a.i, firs! 
OT aUaj vertebra; e.g, ninih or sacral vertebra. The dotted 

Zh h f a, the ends of iSc 

limb bones is the aruculari cartilage which caps the cnlwg^ 

ends of the bones 
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(c) There are only four complete digits, two of these with two joints 
only, two with three. 

The pelvic girdle is less typical, departing rather widely from the 
usual plan, though the three characteristic bones are recognizable. 
It does not support the abdominal organs, but lies almost parallel to 
the backbone, its chief function being to afford attachment to the 
powerful leg-muscles which serve the animal for its swimming and 
leaping movements. The ischium and pubis arc very short. 

The hind limb of the frog is well developed and adapted for both 
leaping and swimming. Notice the long toes connected by a ‘web* 
of skin. 

The most obvious specialized features in the skeleton of this limb 
arc: 

(a) The tibia and hbula are joined. 

{b) Two of the tarsals (there arc only four) are much elongated and 
are joined at each end. 

(c) There are five long, thin metatarsals. 

{d) The numbers of phalanges in the toes, numbering these from the 
first to the fifth toe respectively, are 2, 2, 3, 4, 3. 

THE BIRD SKELETON. A bird shows Specialization of structure in all 
parts of its body which adapts it for flight. The skeleton, for example, 
although conforming to the usual vertebrate plan, exhibits many 
very distinctive features. Among these, if we examine the skeleton 
of a pigeon, we observe: 

I. The bones are very light; many arc hollow and contain air- 
spaces. The advantage of this is obvious. 

II. The vertebrae of the trunk region (about twelve in the pigeon) 
arc fused together and are also joined rigidly to the pelvic girdl^ 
so that a very firm support is obtained for the two hind legs, on w c 

the whole weight of the body rests. 

III. The vertebrae of the neck (fourteen in the pigeon) arc very 
freely movable. This compensates to some extent for the unusual 

rigidity of the backbone lower down. . 

IV. The sternum, to which the larger muscles that move the wings 

arc attached, consists of a single large bone with a prominent kcci 

(e.g. the ‘breast-bone’ of a fowl). 

V. The pectoral girdle is well 
being present. (The ‘wish-bone* 

VI. The skeleton of the hind lir 
but there arc never more than four digits in any bird 


developed, the usual three bones 
»f a fowl represents its clavicles.) 
lb is of the usual pentadactyl type, 





m t.' 










Fro. 133. Thb Skeleton of a Pigeon, seen from the left sidb, 
t.r. ,^rvical ribs; cl.» clavicle; cor., coracoid;/#., femur;/., fibula: 
ftu., humerus; 1/., ilium; £r., ischium; me. 1-3, mctacarpab; mt. 
1-4, metatanals; ^s., patella; ph. 1-4, phalanges; pu., pubis; r.c., 
radial c|rpaj; ra., radius; se., scapula; st., sternum; tibia; u.e . 
ulnar carpal; «/., ulna; o.cd., caudal vertebrae; p.r., vertebral rib; 

1-3, first three cervical vertebrae * 
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VII. The fore limb is much modified. Humerus, ulna, and ladius 
are easily recognized, but the bones of ‘wrist’ and ‘hand’ are not so 
clear. There are only three fingers, and a greatly reduced number 
of carpals, metararpals, and phalanges. The whole structure forms 
a framework for the attachment of the large wing feathers. These 
feathers are stiff, and so do not require to be stretched between two 
supports, as is, for example, the bat’s wing. 

VIII. The terminal vertebrae arc fused to form a ‘plough-share*. 


THE BIRD, ITS EXTERNAL APPEARANCE AND ITS FEATHERS. Birds 

have such a characteristic appearance that any member of the 
group is easily recognized. The mere fact that feathers are 
found on them is enough. These feathers serve to keep the 
body warm, no matter how fast, how far, or how high the bird 
mayfly. They give it smoothness of outline. They are coloured, 
helping the bird, in some cases, to escape detection (protective 
coloration), in others to attract its mate (e.g. the peacock). 
Finally, feathers are used in flight. *What made the bird’s flight 
possible was the growth of feathers* (J. A. Thomson). FealkerSt 
which are epidermal structures, arc of three main types: 

(a) the large quill-feathers, found on the outer edges of the 
wings and tail; 

(b) the contour feathers which cover the body; 

(c) the delicate feathers (filoplumcs) found among the con- 
tour feathers; these arc removed from a plucked fowl 

by singeing. 

Some birds have delicate plumules or true down feathers 
beneath the quill-feathers; these arc not found in the pigeon. 

All these feathers overlap, and can be moved by muscles 
attached to their lower ends. They arc moulted once (or 
sometimes twice) a year. 


Exercise. Examine one of the large qu.ll-feather, of a p.gcon 
I, consUta of quill and vane. The quill « conunued do^ the va„e 
aa the rachU. The vane conabta of parallel rowa of 
one another by barbulca, which may be held together by mterlockmg 

“‘I'eather, with ita barba united, forma a stiff but elastic vane which 
docs not allow air to pass through it. 
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EXTERNAL APPEARANCE OF A TYPI- 
CAL BIRD. 

Elxercise. Examine a pigeon or 
other typical bird, observing both the 
living animal and stuffed specimens. 
Confirm the following facts; 

(a) The head. There are paired eyes, 
protected by an upper and lower eyelid, 
and by a third one, the ‘nictitating 
membrane*, in the comer of the orbit; 
external cars without pinnae; paired 
nostrils; jaws ensheathed in horn, 
which takes the place of teeth. 

{b) The trunk. The whole body is 
graceful in form (until stripped of its 
feathen) and well adapted to rapid 
flight. The wings (fore limbs) bear 
many large quill-feathers (remiges). 
There are twenty-three of these in the 
pigeon, home by ulna, carpals, and 
mclacarpab. The hind limbs are 
covered with scales, resembling those 
of reptiles, and they can be pressed 
against the under surface of the body 
during flight. In the pigeon and many 
o^cr birds the first of the four toes is 
directed backwards. 

(0 The taU. This bears stiff, highly 
ipeaalized quill-feathers (twelve in the 
pigeon); it is used for steering and 

to check the motion of the bird as it 
alights. 




Fio. 

a 


SI fcathcTe qu., quiU or calamus; refu, rachii or shaft; vadUum 


or vane 
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THE RABBIT SKELETON. 


Th* axial skeleton. The skull, with its cranium, its nasal, eye, and 
car capsules, and the jaws, is examined on p. 216. notice in 
particular the teeth, adapted to the rabbit’s vegetable food (cp. 
p. 164); also the false palate, a secondary roof to the mouth which 
brings the internal openings of the nasal passages far back, near the 
glottis. The very characteristic sutures by which the skull bones arc 
fused should be observed. 

The vertebral column consists of vertebrae formed on the plan shotvn 
In Fig. 128. On tliese vertebrae we observe articular facets on the 
anterior and posterior articular processes; they mark the places 
where these bones are jointed together to form a flexible column. 
Tlic vertebrae arc held together by ligaments and between them are 
disks of cartilage knowm as the intervertebral disks. The vertebrae 

in the rabbit fall into five groups: 

(i) The seven cervical vertebrae of the neck. The first two of these 
ore greatly modified in connexion with the support and movement 
of the skull. 

The first or atlas vertebra is ring-like; its transverse processes are 
very wide for the attachment of some of the muscles which support 
the head. The head articulates on two condyles, the joint allowmg 
nodding movements. The neural canal of this vertebra is large and 
crossed by a stout ligament which holds the odontoid peg of the 
second or axis vertebra in position. This odontoid peg repr«cnts the 
centrum of the first vertebra, which becomes fused with the second 
in the course of development. It projects forward from the “"J™® 
of the axis into the cavity of the aUas and acts as a pivot. Wh« 
the head is turned, the head and atlas vertebra move together, 


turning about this peg as a pivot. • 1 j u,, 

The remaining cervical vertebrae arc chiefly distinguished y 

presence on each side of the centrum of a ^ 

canal is formed by the fusion of tlie rudiment of a 
with the transverse process and centrum of the correspo g 


thoraci. (^^'elvc or Airtroo) have 

Jl, and bear .he rib,. A rib ia a f 
arriculating in two place,; the ccp,lulum or ^ 

is ioined to the backbone between two adjacent vertebr » 

Jrrculum or dorsal head articulate facJ 

the more anterior of thee two vertebrae (cp. Fig. 1^36). 
can of course only be understood with the bone before y 






c. 

p 



vcr. c. 














Fio. 135. Vertebras opa Rabbit. A. Atlaa, from above B A™. 

d” Fou^^fh*' ^•' cervical vertebrae, from in'f^^ 

"Sht. E. Second lumbar ver- 
tebra, from the right. P. The same from in front. 

EE., ^tenor articular facet; on., centrum; r.r., cervical rib: ei 

epipbysu, /„ facet on axis for articulation with atlas- f corr^ 

•I^nt^g facet on au^://, focet on atlas for odontoid pr'^^^T 

Ac . . derm.facets for head, of ribs; facet, for tubercuW „ a ' 

n^ arch; bj., neural spine; pdp., odontoid process; Pt oJi^n! 

«ucul„ f«.,; ^ ncurSl^’, 

brartenal cftziij 
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(3) 'The lumbar vertebrae (seven or six) are large and strong (qj. 
Fig. 135 E), with large transverse processes. 

(4) The sacrum consists in the adult of four fused vertebrae; these 
form a wedge-shaped mass of bone, and the pelvic or hip girdle 
articulates with the transverse processes of the first of these vertebrae. 



Fig. 136. Tlie breast-bone, shoulder blade, and first nine 
pairs of ribs of rabbit (somewhat diagrammatic) 


(5) The caudal vertebrae (sixteen or more) gradually lose the 
characterLstics of vertebrae as we approach the tip of the tail. The 
terminal ones even lose their neural canals and become reduced to 


small bony centra (cp. Fig. 137 A). ^ r -u, 

The ribs. There are twelve (sometimes thirteen) pairs of riM, 
composed of cartilage and bone, which enclose and protect the 
thoracic cavity. Dorsally they arc attached to the backbone, the hn 
nine having a double attachment as already described. The last three 
pairs have no tuberculura and hence articulate in one place only, wi 
Ihe centrum of the vertebra. Ventrally there is a sternum (o^ 
bone) made up of seven segments (cp. Fig. 136). The fi«t seven 

thoracic ribs articulate directly with this 

Qot dirccUy connected with it, but arc umted by their carUlages to 
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the cartilages of the seventh pair of ribs; the last three pairs end 
freely among the muscles; these arc called the floating ribs (cp. Fig. 93). 

The appendiadar tkeleUm consists of two limb girdles and two pairs 
of pcntadactyl limbs, all conforming to the usual vertebrate plam 



Fio. 137. A. Sacrum, from above. B. Thoracic vertebra, two ribs, and 
part of sternum. C. Left humerus from in front. C'. The same from behind. 
D. Left femur from in fronc n./,, neural spine; r.r., vertebral canal; tr., 
tubcrculum of rib; capituluro of rib; ctti., centrum; n.a., neural arch; 
f., rib; tt., sternum; /i.r., neural spine; to., process for ilium; cd. i, first 
caudal vertebra; sac., sacral vertebra; A., head; tro., arucular surface for 
ulna; A.^., arucular surface for scapula; ed.t., condyles for tibia 


The pectcral girdU is reduced, but we may distinguish the large 
tnanpilar scapula with a very characteristic ridge (the spine) for the 
attachment of muscles^ and the small co!lar*bone or cJaviclc. Tho 
coraroid IS only represented by a small process (cp. Fig, 136).* 

The fore limb is of the usual type; we notice the humerus, ulna* 
and radius, and the curved, backwardly directed projection of the 

“ attached the muscles which 

«tcndthc elbow* joint. Thcrearecightcarpals. five metacarpaU, and 

are a, 3, 3, 3, 3 (cp. Hg. 139). 
The pclvtc giTdU shows the typical three bones, ilium, ischii^, and 
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pubi3; these are fused together and the whole girdle is rotated back- 
wards. The deep cavity in the girdle (the acetabulum), into which the 
bead of the femur fits, should be noted. 

The kind limb. We notice the femur with its prominent head which 
fits into the acetabulum, the tibia, and the small fragile fibula. 



Fio. 138. The pelvic girdle of a 
rabbit from underneath, ae., aceta- 
bulum; t 7 ., ilium; is., ischium; pu., 
pubis; s^m., pubic symphysis 

which merges into the tibia about half-way along its length. There 
is a small patella (or knee-cap) at the knee joint. There are only six 
tarsals and four digits, the rabbit’s *big toe* being vestigial. The 
numbers of phalanges arc therefore o, 3* 3 > 3 * 3 * 

Exercise. Having made yourself familiar with the skeleton of 
the rabbit, carefully compare it with the human skeleton and with 
those of any other mammals (cp. Fig. 127). 

JOINTS AND THEIR MOVEMENT. Tlic framework of rigid 
bone which builds up the vertebrate endoskeleton is 
to admit of easy movement. Movements are caused by 
muscular contraction, every muscle passing over a joint an 
being attached to at least two bones. One set of muscles bnngs 
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the bones nearer; they return to their original position by the 
contraction of an opposing set of muscles (cp. Fig. 58). The 
action is that of the lever, the joint forming the fulcrwn, a bone 





6 



Fro. 139. The alcclcton of the left fore and hind feet 
of a rabbit. A. Forefoot. B. Hind foot, a., astragalus; 

"•» centrale; <r.', ccntralc of hind foot; 
cm., fibulare or calcaneum; tm., intermedium; me., meta- 
carpals; mrt., metaUrsab; ph., phalanges; m., lower end 
of radius with Its epiphysis; T.e. radiale; t. 9-5, tarsab: 
ulnare; «/., lower end of ulnar with its epiphyab; 

l-Vt digits 

are so attached that thu arm 

IS moved about its fulcr um , 

^e join^ show gi-eat variation: we may notice in particular: 
w The ball-and-socket type of joint; these occur, for example, 

o 
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where the limbs of mammals articulate with the limb girdles, 
and they allow of very free movement. 

(2) The hinge type of joint which allows movement about 
one axis only. VVe find such joints at the elbow, in most 
mammals, also between the phalanges, &c. 

At all these joints the bones are held together by firm liga- 
ments and the joint is bathed in a lubricating fiuid, the synovial 
fluid, wliich reduces friction. You should compare them with 
the joints in any arthropod skeleton. In those animals the 
exoskelcton is perfectly continuous over the whole body; at 
the joints it is merely thinner and more flexible. The muscles 
are, of course, internal (cp. p. 402). 


QUESTIONS ON CHAPTER XXX 

1. By what means do (a) herbs, {b) shrubs secure the rigidity needed 
to keep their stems erect? Describe an experiment by which you 
could prove the truth of your answer in the case of a succulent herb, 
and compare the means found in shrubs with any structures of 
similar functions in animals. (L.G.S.) 

2. Identify and make large clear sketches of the two bones pro- 
vided. Name the most important parts and explain carefully the 
position they occupy in the body. (L.G.S.) 

N.B. The bones provided were 


(1) atlas vertebra \ , 

, . . j, of a rabbit. 

(2) half the pelvic girdle 1 

3. Identify and make annotated diagrams of the bone 5 . Comment 

briefly on its structural features. (L.G.S.) 


B was a cervical vertebra of the rabbit. 

4. Describe, in a general way, the position, shape, and uses o 
the vertebral column of a mammal. Make a descriptive diagram o 


a single vertebra. (C.L.) ,- 

5. What do you understand by the expression ‘vertebral co 
What are its functions? Describe in general terms the 
column of a rabbit and (with the aid of diagrams) the detailed 

structure of any one vertebra you may select. (L.G.S.) 

6. Show how the skeletons of (a) a frog, and (6) an insect, 

adapted to suit their mode of life. (Ox.L.) , 

7. Compare the fore and hind limb, of a typical bird wiA thMC ol 

e typical mammal such as a rabbit. In what ways are cse 
adapted for special purposes? (L.G.S.) 
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8. Describe the external characters and the skeletal structures of 
the fore-limb of any vertebrate animal studied by you. (C.W.B.) 

9. Describe the wing of a bird and explain its action as an organ 
of locomotion. (B.) 

10. Describe in general terms the interaction of nervous, muscular, 
and skeletal tissue in bringing about locomotion in insect and frog 
respectively. (C.W.B.) 

1 1. What part may the skeleton of an animal play in regard to 
locomotion? Illustrate your answer by reference to the cockroach 
and the frog. (B.) 

la. Describe and compare the skeleton of the fore and hind limbs 
of a vertebrate. (Ox. & C.) 

13. Describe the methods of locomotion and the externa! organs 
which are employed in accomplishing it, in of the following: 
a caterpillar, a mosquito larva, and a house-fly imago. (Ox. & C.) 

14. What are the chief features in which an invertebrate animal 
ukc the cockroach differs from a vertebrate like a frog? (C.L.) 

15. ^at arc the functions of the animal skeleton? Contrast in 

general terms the type of skeleton found in the insect and the frog 
respectively, (C.W.B.) ® 

« Jk* different regions of the backbone of a mammal 

^h as Ae rabbit, saymg m what ways the typical vertebrae from each 
region differ m shape, (C.L.) 

•*>= bones of a hind limb ofa rabbit or other mammal, 
{GXo”" attached to the vertebral 

th^ralliJ.^' Illnstrate your answer from 

the rabbit or any other mammal known to you. (C.L.) 
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PART VIII 

REPRODUCTION 

•There is no wealth but life.* 

CHAPTER XXXI 

REPRODUCTION. INTRODUCTORY 

Reproduction occurs in all uvino organisms. Plants and 
animals are not immortal; life is short, even for those who live 
longest. Growth soon leads to maturity, maturity to old age, 
old age to death. 

But, before death overtakes it, the organism can beget other 
creatures like itself. Puppies are born and grow into dogs; 
seeds develop into new plants; the whole living creation obeys 
the urge to ‘increase and multiply*, and the race continues, 
though the individuals die. 

This power of reproduction is one of the most striking 
characters of protoplasm; it marks a great and as yet tin- 
bridged gulf between living and lifeless matter. Let us sec 
how the protoplasm performs this important function. 

REPRODUCTION BY BINARY FISSION 

An amoeba reproduces quite simply by a process of fission, its 
whole body being divided into two similar parts. VVe cannot 
speak here of parent and offspring; the amoeba was old; it 
has divided into two new animals, which arc both ‘young , 
i.c. at the beginning of their individual lives (cp. Fig. 8 B). 

Many simple organisms, both plant and animal, particularly 

the unicellular ones, reproduce in this primitive manner. 

REPRODUCrriON BY BUDDING 

Budding is another simple method of reproduction which 
occurs in many plants and animals. The new organism a^cs ^ 
an outgrowth on the parent. In Hydra, for cxarnplc, 
a small swelling on the side of the animal (cp. Figs. 30 and 3 ). 
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This grows larger, develops a mouth and tentacles, and 
eventually breaks away from its parent and svirims off through 
the water. Soon it settles down and becomes fixed to a water- 
weed or other suitable object. It is a new hydra, and it 
originated as a bud on the side of its parent. 

Elzercise. Examine under a lens or microscope living hydras 
which have been well fed with Daphnia (watcr-fleas). Buds are 
almost certain to be found on some ol them, and you may even be 
able to w'atcb the detachment of one of these from its parent. 

A very simple form of budding occurs in yeast plants, where 
the unicellular parent gives rise to a small outgrowth which 
represents its offspring (cp Fig. 74). This enlarges and may 
itself bud before it becomes detached from its parent. 
Eventually all such cells become separate plants. 

Exercise. Remove some actively growing yeast cells from a sugar 
or other nutrient solution (cp. p. 262), and examine them under the 
imcroscope. Chains of two, three, or more cells arc often to be seen. 


^ VEGETATIVE REPRODUCTION IN PLOWERINO PLANT?. Vegeta- 
tive reproduction is found most widely in the lower and simpler 
plants, but many special cases occur in flowering plants (cp. 
Chapter XXVHI), the process being reallya kind of budding. 
Runners and tubers (cp. pp. 368, 372) are definite organs for 
Urn purpose; a strawberry plant often surrounds itself by a 
whole senes of independent planUets, each formed at the end of 
a runner which eventually decays; similarly every potato tuber 
can become the starting-point of a new plant (cp. Fie. 118) 
Perennials which form rhizomes, bulbs, corms, &c., som^ 

^ Rhizomes branch and, 

branches become separated. On 

develop , these are separated as the old bulb (or corm) dies^ 
Xrhi“ » number of independent 

iNr’rTn OUTHNOS, Bunnmo, and oraptu 

INO. Gardeners and horticulturists propagate certain nlant. 

from cumngs or slips, short lengths of stem which are rer^oved 
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from the parent plant and caused to ‘strike*, i.e. produce roots, 

by being placed in suitable soil. 

Sometimes a highly cultivated and perhaps somewhat arti- 
ficial plant is grown on the root of a more vigorous wild plant 
of the same type, e.g. a ‘double* rose on a brier or a choice 
dessert apple on a crab. These processes are called grafting or 
budding. In budding a single bud of the desired variety of tree 
is placed in contact with the cambium of the plant which is 
to serve as the stock. The whole shoot system is formed by 
the gro\v’ing point ol this bud (cp. p. 244), all suckers (i.e. shoots 
arising from the wild stock) being carefully removed. Roses 
and fruit trees are often propagated in this way. Grafting 
consists in placing together the cut surfaces of two shoots from 
similar plants in such a way that the two cambiums unite. 
The rooted plant is known as the stock. The graft of the 
desired plant (the scion) is a twig with several buds. The 
two arc tied firmly together until they unite. 

In all these processes the wild root gives vigour to the culti- 
vated plant, which, like so many highly bred creatures, is otten 
less robust than the wild one; further, large plants are obtained 
more quickly in this way than when grown from seed or even 
from cuttings. More important still, the grower can be ccr^ 
that the plant he sells will be ‘true to type*, i.e. exact y e 

the parent organism (cp. p. 43 ^)- In eve^ P 

develops from a bit of the parent organism. These methom 
of the horticulturist are obviously closely cornparable to me 
natural processes of budding which we have just esen e 


Exercises 

Following the method described for 
of willow, Tradescantia, &c.. in gas-jars fiUed with a “'"P'?*' j 
solution (cp. p. 12 ). Watch carefully the 

roots, notice where they arise, and how J, new 

begins to grow. Sketch various stages m the development 

plant. 

In a box filled with fine soil insert '“‘‘‘"S’ 

&e. Remove one or two of them at 

ofaoil, and investigate the development of the new 
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REPRODUCTION BY SPECIAL ASEXUAL REPRODUCTIVE 

CELLS CALLED SPORES 

SPORE REPRODUCTION IN MUCOR. If you examine any well- 
developed growth of Mucor you will probably see, on ihe white 
flocculent mass, a number of small spherical black bodies, the 
sporangia (cp. Fig. 52). Each sporangium (spore-case), when 
ripe, coniains a large number of minute unicellular spores. 
When the sporangial wall breaks, these cells arc cast adrift on 
the air; each spore, given suitable conditions, can give rise to 
a new plant. Fun.gi (cp. p. 201) are the most prolific organisms 
in the world by reason of the enormous quantity of spores they 
produce. Fungal spores arc always present in the air of the 
rooms in which we live; they have even been found in the 
stratosphere. Jam, &c., ‘going mouldy* means that air-borne 
spores have germinated to reproduce the fungus. 

Exercise. Cut off the cap of a mushroom, place it on gummed 
paper slightly moistened, and cover with an inverted jam-jar. After 
an hour or two you will obtain a ‘spore print’ of this fungus. 

Spore-formation is also a very common method of reproduc- 
tion among green plants (e.g. mosses and ferns). 


Exercises 

famine with a lens the fronds of any common fern, such as bracken 
w the male fern (Aspidium), On the backs of some of the fronds you 
mil sec small brown patches of sporangia; examination with the 
cr^opc reveaU that each sporangium contains numerous repro- 
ducuve cclU, the spores. Examine any group of mosses or of tZTc 
stiU lowlier plants, the Uverworts. You wiU often see the spore- 
making capsule or fruit’, standing up from the rest of the plant. 

mosses, ferns, and their relatives is 
m^hoH^ ^ involving a regular alternation of two 

me^ods of reproducuon. The full story was only discovered 





B 


B 
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Fro. 140. Conjugation in Spikogyra. i. Filaments held 
together by mucilage. 2. Process beginning. 3. Contents of 
one ccU passing into and fusing with those of its partner. 4 * 
Zygote formed. 5. Zygote germinating 
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alternates with a sexual method involving the fusion of two 
minute cells (cp. p. 426). One form of the plant (the sporo- 
phyic) produces the spores. A very different form (the gameto- 
phyte) bears the sex cells. A further discussion of these matters 
is beyond the scope of this book, but will be found in any 
standard text-book of botany. 


SEXUAL REPRODUCTION 


PARENTHOOD. When plants or animals reproduce by any of 
the various methods just described (binary fission, budding, 
spore-formation) one organism is concerned in the formation 
of the new generation; the ‘child’ is the offspring of one parent 
only. All such methods are called asexual. In sexual reproduc- 
tion two parents share the labour of producing the new life; 
this is the typical method in all the higher animals and plants. 
Let us now examine some creatures who reproduce in this way. 

CONJUGATION IN SPIROGYRA. Wc havc already studied the 
cell-structure (cp. Fig. 5) and mode of life (cp. pp. 57 and 77) of 
mis simple, filamentous green alga. How is Spirogyra repro- 
duced ? By a simple form of sexual union known as conjugation. 


Exercise. Mount some conjugating Spirogyra filaments in water 
to which a trace of iodine has been added. Examine with a micro- 
projector or under the microscope, try to find various sUges in tlic 
process of conjugation, and draw suitable ones. 


At certain times of the year (chiefly in May and Tune) 
Spirogyra plants become attached in pairs by a film of muci- 
iage, ai^ little tubular outgrowths arise on the adjacent cell- 

outgrowths, which serve to connect the cells of 
uvo filaments, increase in length and thrust the two plants 

such cross-walls in the middle of each 

communication is 

«tabl shed between the two cells. This process takes place 
almost simultaneously all up and down tlie filament 

Change soon occur in the cell contents. The nrotonla^t. 
of one plant (A) become rounded off and contracted awav 

(B^ ThV''^”f * changes follow in the second filamem 

{B). The contents of the cells of ^ now pass over into and fme 
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with the contents of B (cp. Fig. 140(3)). A series of each 
produced by the fusion of two cells, is left in B, while all that 
remains of /I is a number of empty, lifeless cell-walls. 

The zygote forms round itself a thick protective wall and 
passes into a resting condition. In due course it develops into 
a new plant. 

CONJUGATION AND ITS RELATION TO REPRODUCTION. We have 

called conjugation a method of reproduction; but the process, 
as we have seen, begins with the fusion of two cells. This is 
not reproduction; indeed, rather the reverse, for where there 
were two cells there is now only one. But we find that conjuga- 
tion is always a preliminary to reproduction. The fusion seems 
to impart some stimulus to the protoplasm which, sooner or 
later, leads to active growth. It is obvious that, in Spirogyra, 
the new plant formed from the zygote is the product of two 
protoplasmic units of different origin (plants A and B in the 
example we have described); in other words, this new plant 
had two parents. 

Conjugation occurs in many of the simpler forms of life, both 
unicellular and multicellular, in animals as well as in plants. 
The details of the process vary, but the final act is always the 
same. Two nuclei fuse to form the first nucleus of the new 
organism. 

CONJUGATION IN MUCOR. Wc are already familiar with the 
structure and life-processes of Mucor (cp. p. 200), and know 
that it usually reproduces by means of asexual spores. Occa- 
sionally, however, when two Mucor plants are close together, 
another form of reproduction may occur. A hypha is put out 
from each plant and, when the two are in contact, a small cell is 
cut off from the tip of each (cp. Fig. 141 (2)). The wall separat- 
ing these two cells breaks down, and their contents fuse to form 
a zygote. This surrounds itself with a strong, protective waU, 
and separates from the two parent plants. Given suitable 
conditions it will form a new growth of Mucor (cp. Fig. 14* CS))* 

CONJUGATION AND FERTILIZATION. In cvery form of S«u^ 
reproduction the new organism owes its life to an act ol cell 
fusion, and the life of aU the higher animals, and of most ol 
the higher plants (for some exceptions see p. 42i)» smarts m mis 
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way. When the two cells, called gametes^ arc alike in form and 
iimction, as they are in Mucor, the process is called conjugation* 
A survey of living creatures shows every conceivable gradation 



Fio. 141. Conjugation in Mucor. 1, 
Hyphae in contact. 2. Conjugating’ cellsj 
a, a, cut off. 3. These two gylU enlarge 
and fuse. 4, The zygote. 5. Zygote 
genninating to form a sporangium con* 
twining spores (Le. asexual reproductive 

cells) 


thu f^ion of two exactly rimilar cells, through such a 
ira as Spirogjra, in which one cell is more active than the 
other, to t^es m which the differences between the two 

Ae become more and more marked. Finally i^aU 

the higher forms, one cell, the female cell (eram or U 
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typically large and inert, containing a store of reserve food; 
while the male cell {sperm or spermatozoon) is small and usually 
active; it has to seek out the modonless egg-cell (ovum) with 
which it fuses. The reproductive cells of such forms exhibit 
sexual differentiation.* 

The fusion of a small sperm with a larger egg-cell is called 
fertilization'^ a female creature (animal or plant) is one that 
produces ova; a male, one that produces sperms. 

HERMAPHRODITES. In animals the two sexes are usually 
separate, and often very different in appearance. There are, 
however, a few hermaphrodite animals, which contain the 
organs of both sexes, e.g. Hydra, earthworms (cp. Fig. 162), 
tapeworms (cp. Fig. 50). In the higher (flowering) plants this 
position is reversed; nearly all these plants arc hermaphrodite 
(monoecious), e.g. pines, buttercups, &c. In a few, however, 
the sexes are separate, as in palms, willows, some campions, 
cucumbers, &c. Such plants are called dioecious; the flowers 
on one plant arc staminatc and will produce the male cells, 
those on another of the same species pistillate and will produce 
and nourish the female cells (cp. p. 448). 


FERTILIZATION 

Let us now study the exact method of fertilization in a few 
typical forms. 

SEXUAL REPRODUCTION IN HYDRA. Hydra is an hermaphro- 
dite animal which can reproduce both asexually (by budding, 
cp. Fig. 31) and sexually. 

Exercise. Examine under the microscope a hydra displaying 
ovary and testis. Pressure on the cover-glass may even enable you 
to sec the sperms set free. Sketch the animal and its rcproducuvc 

organs* 

The sex cells of Hydra develop from the small, undiffcrcn- 


' Even in conjugation, where the fusing bodies look exactly 
U probably some differenUation— perhaps a chcrai^ one. In 

Mucor (p. 426), only certain plants will conjugate with ®**® 

Le ^d^'+ and - strains', since we do not know of any difference 

between them other than their readiness or refusal to conjugate. 
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dated interstitial cells of the outer layer (ectoderm) of the 
body wall (cp. p. 149). These cells begin to multiply and a 
small swelling is produced. This swelling may become a male 
reproductive organ, or testis, in which case a number of sperm 
mother cells are formed within it; each of these divides into 
four sperms, the first division of the nucleus being a reducing 
one (cp. p. 435).* The sperm, which is very minute, is a single 
cell, with a rcladvcly large head containing the nucleus, a 
narrow neck, and a long, motile tail. It is shed into the water 
and is quite short-lived. 

Another similar swelling of interstitial cells produces the 

female reproductive organ or ovaty of Hydra. In this case one 

central cell enlarges at the expense of its neighbours, actually 

ingesting them by means of amoeba-like pseudopodia. This 

central cell is the egg-cell, and it becomes stored with granules 

of reserve food (yolk). Like the sperm, it undergoes a reduction 
division. 

As It enlarges the wall of the ovary breaks and shrinks back, 
w that the cgg-ccU is exposed ready for fertilization (cp 

30* 

raRTILIZATION AND DEVELOPMENT OP THE EMBRYO. An OVarV 
and one or more testes may be found on the same animal, the 

u the upper region (cp. 

it/ra * if"* animal might be self-fertilized, i.e. 

s cgg-ccll might be feruhzcd by its own sperm. But, as Uicsc 
motile sperms arc shed freely into the water to which the egg- 
cells (ova) are also exposed, cross-fertilization of the egg-cdl 
of one animal by the sperm of another will often occur 
A sperm penetrates the gelatinous cover which protects the 

h ‘’xhe r so fertilizing 

pond. Here it rests for a time, possibly all through the 

''P- P- 43) - die 
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winter, in a dormant condition. Then it becomes active once 
more and grows into a mature hydra. 

Let us now look at the process of fertilization in a more 
advanced animal, in which the sexes are distinct. 


REPRODUCTION AND THE REPRODUCTIVE ORGANS 

IN THE FROG 


We have learned (cp. p. 319) that a frog develops from an 
egg; we have now to inquire how that egg is produced. Frogs 
are male and female. The female has two ovaries (cp. Fig. 104), 
organs which vary tremendously in size at different times of 
the year. They are largest in winter and early spring, when 
tliey contain an enormous number of spherical black-and- 
white cells, plainly visible to the naked eye. These are the 
egg-cells or ova. 

When they are ‘laid* these egg-cells pass to the exterior 
through two long coiled white tubes, the oviducts. While passing 
down these ducts the familiar gelatinous envelope is secreted 
round each of them, and thus the egg-ccll is converted into 
an egg. Newly discharged frog spawn is nothing but a mass of 
these eggs. 

Elzercises 

Examine a dissection of a female frog, opened to display the 

reproductive organs. . 

You are given some ova which were removed from the ovary 01 
a frog in winter or early spring. Such ova can be presen/ed in formalin. 

Examine and sketch them. Notice the absence of jelly. 

Examine a dissection of a male frog, opened to display the repro- 
ductive organs. 

The male frog possesses paired testes in place of the ovancs 
of the female (cp. Fig. 104 B). 


Each testis is a small creamy-yellow structure, about as lai^ 
a maize grain; from it fine tubules pass through '.h' “PP" 
of the kidney, and from each kidney there is a smg 
leads to the cloaca and so to the exterior (cp. 

is often called a ureter; a better name is the mr . discharge 

.olely for the excretion of urine (cp. p. 338) but also for the discharg 



IN THE PROG 431 

of the male reproductive cells or sperms. These minute cell'* are 
formed in the testis; each consists, as in Hydra, of a head representing 
the main body ol the cell and containing the nucleus, a neck, and 
a long protoplasmic tail, which is an organ of locomotion. By its 
aid these small cells (sperms or spermatozoa) can swim through water. 

THE LAYING OF THE EGGS. In carly spring croaking frogs are 
to be found in large numbers near the shores of ponds and 
sluggish streams. 


'Motorists drew up beside the main Fareham to London road at 
Exton yesterday, to allow a great company of frogs to make their 
way safely from their winter quarters in the meadows to their 
spawning-ground in the pond opposite.’ i^The Timts^ ii March 1936,) 

These frogs have just awakened from their long winter sleep, 
and are preparing for the annual breeding season. Soon they 
arc in pairs; the male is waiting for the female to lay her eggs 
and as they escape he pours the sperm-laden fluid from his 
testes over them. Wlicn the egg reaches the water its slimy 

coat absorbs liquid, swells up, and sets, forming the familiar 
protcedve jelly (cp. Fig. 98). 

FERTILIZATION. A spcrm makes its way through this jelly. 
Its nuclc^ increasing in size as it goes. The sperm nucleus 
Juses with the egg nucleus, both these having previously under- 
gonc a reduction division (cp. p. 435). This fusion is called 

and from the fertilized egg a new frog develops 


tadpoles of difTercnt ages which have been 
frog development of the 

pUnu fertilization in a simple 


REPRODUCTION AND THE REPRODUCTIVE ORGANS 

OF BLADDERWRACK (FUCUS) 

This common brown seaweed is a verv familinr * 

any rocky shore a. low tide (cp. p. sJ. Tts re^d° ‘ 

ucuon ts m many ways sinular to that of the frog. The plant 
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arc male and female; the male plants produce tiny motile 
sperms, the female ones give rise to much larger, dark-green 
egg-cells. These are shed into the water, being pressed out 
at low tide by the drying of the plant body. There can be 
no pairing in these forms, as Fucus plants are incapable 
of locomotion; but the sperms swim actively, having organs 



Fio. 142. Fert!lization in Fucus. A. Branching hair from male plant, 
bearing anthcridia. B. Sperms escaping from antheridium. C. One 
sperm (very highly magnified). D. An cgg-ccll surrounded by sperms 


of locomotion, as have those of Hydra and frog. They are 
attracted to the egg-cell by some chemical stimulus, and many 
of them circle round it, causing so much movement in the water 
that they set the egg in rotation. One sperm enters, pas^ 
through the protoplasm of the egg-cell, and fertilizes 
nuclei fusing; all the other sperms arc immediately repelled. 

The fertilized egg-cell surrounds itself with a protective waU, 
and at once develops into a new Fucus plant. 
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Exercises 

Examine a Fucus plants and draw a portion of the thallus (body); 
thb is not divided into root and shoot systems, and is altogether 
simpler than that of a flowering plant. Notice, in particular, whether 
the ends of certain branches are covered with small raised spots, like 
tiny pin-pricks. Such branches are fertile, the holes leading into 
pockets which contain the reproductive ceils. Examine one of these 
fertile tips with a lens, and draw it. 

Examine prepared sections of fertile branches of male and female 
bladdcrwrack (F. vesiculosus), which show the pockets (conceptacles) 
containing the reproductive cclb. 


Obtain some fertile Fucus plants direct from the sea, preferably in 

autumn or winter, and, immediately they arrive, hang them up where 

they arc freely exposed to the air. As they dry, a sticky liquid exudes 

from the pores on the fertile branches; some plants produce an 

orange liquid, others one dark green in colour. The last-named 

liquid is coming from a female plant, and it contains large egg-cells, 

which, when they first escape, are in groups of eight. Mount some 

of this hquid in sea-water, and examine these cells under the 
microscope. 


The orange liquid is coming from a male plant, and contains 
numero^ minute motile sperms. Some of this liquid can also be 
moimt<rf and examined, but the sperms arc too small to be seen 
^tmctly with such microscopes as are usuaUy provided in schools. 
A higher magnification is necessary* 


SEXUAL REPRODUCTION IN HYDRA, FROG, AND FUCUS 

We see that, different aa are the three creatures we have just 
been stud^ng m appearance, structure, method of feeding, 
mode of life, &c., yet in all three the processes of sexufl 
reproduction are fundamentally alike ; there is always a fusion 
of two cells to form the first ceU of the new organism. 

Sexual reproduction is the typical method of reproduc- 
uon in all muluccllular and in many unicellular orgrnisms ■ 
The process, being so umversal, must be of fundamental 

ba'ctcS' d-oastmte sexual fusions even in 
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importance. Let us inquire a little more fully into its signifi* 
cance. 

REPRODUCTION AND SPONTANEOUS GENERATION. In every 

form of reproduction a fragment of parental protoplasm, 
usually very small (e.g. a spore, a fertilized cgg-cell), forms 
the starting-point of the new organism. We know of no other 
way in which life can arise. This fact was not realized until 
quite recent times, and many curious beliefs were current, 
which were only dispelled by biological investigation. Aristotle, 
for example, taught that frogs can be generated from slime; 
Virgil gave an account of the generation of a swarm of bees 
from the decomposing carcass of an ox; Van Helmont {i 577 ^ 
1644) gave the following instructions for breeding mice: ‘Place 
dirty linen along with a few grains of wheat in a closed 
receptacle.* Similar ideas were prevalent until the nineteenth 
century. It was Pasteur who finally proved that even the 
minutest living things, for example the bacteria and yeasts 
(cp. pp. 121 and 262), are formed from pre-existing bacteria 
or yeasts of the same kind, and in no other way. There w no 
‘spontaneous generation*, no formation of living organisms 
from lifeless matter in the world as we know it to-day. 

IDEAS ABOUT THE NATURE OF SEXUAL REPRODUCTION. It 

was only in the nineteenth century that the actual fusion o 
egg-cell and sperm was observed; before that lime many extra- 
ordinary ideas were held about the nature of sexual repr^ 
duction. One school, for example, very prominent in the late 
seventeenth century, maintained that every egg-cell conUinea 
a complete organism, fully formed though in miniature, wtucB 
only needed to be ‘fertilized’, i.c. to be given suitable nourish- 
ment, &c., to make it grow and unfold. ^ 

But, if an cgg-cell does contain another being pre-formea 

in thi: way. if must contain the egg-cells which that bemg 
will produce in its turn. You see where the argument led, 
eventually people were calculating how inany , 

Varies musf have contained, since she was the mother of the 

whole race of human beings. ^ i^t our 

We learn once again how dangerous it may 

speculations outrun the ascertained facts. 
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SEXUAL REPRODUCTION, CHROMOSOMES, AND THE REDUCTION 
DIVISION. Modern research has shown that the essence of sexual 
reproduction is the fusion of two cells, and especially of the 
two nuclei involved. Now a nucleus always contains a number 
of very important structures, the chromosomes (cp. Figs. 9, 10), 
each species having its own special kind, which remain con- 
stant, not only in number, but in their form and behaviour, 
from one generation to the next. Thus the number in our own 
body cells is 48, in the cells of a frog 24, and whenever a nucleus 
^vides there is a splitting of these chromosomes longitudinally 
into halves, so that each of the two nuclei proceeding from 
the division receives one member of every pair (cp. Fig. 9). 

Preceding the formation of the sex celb, however, a special 
kind of nuclear division takes place, the so-called reduction 
division, by which reproductive cells are formed which contain 
half as many chromosomes as the body cells. Thus, when the 
sperim of a frog are developing, the 24 chromosomes of the 
so-called ‘sperm mother cells’ become segregated into two sets 
ol twelve; there is no longitudinal splitting, they separate as 
i^oU chromosomes, and each sperm receives a half-set {12) only. 
The same tiling happens in tlie formation of the egg, and one 
great result of fertilization is that the original number is 
restored. The first cell of the new organism has its full comple- 
ment of chromosomes once more, half having been derived 
from one parent, half from the other. This fact is probably 
ol great importance in heredity. ^ 

Although the above facts are now well established, and we 
know something about the actual process of reproduction a 
very great deal sull remains obscure. Each fertilized egg co’n- 

and directed powers of Sowth 
and development that one speck of protoplasm grows t^to an 
oak ^ce, a second into an earthwork, a ?hird i^toT hum:" 

The questi^ at once arises, why do these three eep-celh 
develop so differently? We know very litUe about thf^ ^ 
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HEREDITY. Wc know that the child tends to resemble its 


parents; this is what we mean by heredity. We can now state 
that as a rule this result is somehow achieved by the passing 
on of a fragment of parental protoplasm, with its nucleus and 
chromosomes. ‘Like begets like* primarily because the off- 
spring is literally *a chip off the old block’, i.e. formed from 
the same kind of protoplasm. 

Further, wc know from observation and experiment that, 
where there is one parent only, as in all asexual processes of 
reproduction, the resemblance between parent and offspring 
is extremely close. For this reason plant-breeders, when 
anxious that their new plants shall be ‘true to type’, i.e. exact 
replicas of the parent organism, resort to some form of asexual 
reproduction, cither natural (from tubers, runners, rhizomes, 
&c.) or artificial (from cuttings, graftings, &c.) for the re- 
plenishment of their stock (cp. p. 421). 

When any creature has two parents it is not exactly like 
either, but owes (roughly) half its characters to the one parent, 
half to the other; these characters the parents received in turn 
from the grandparents; some may even be ‘latent’, i.e. without 
obvious effect, in the parent, and yet be passed on to the child, 
so that in certain features that child resembles one of its grand- 


parents, rather than its immediate parent. It seems certam 
that this passing-on of hereditary characters is closely con- 
nected with the passing-on of the chromosomes. 

THE SCIENTIFIC STUDY OF HEREDITY, Wc arc gradually collect- 
ing knowledge about the laws of inheritance. This is one 
partly by experiment, two related plants or animals bci^ 
crossed, and the results of the union carefully exammed. 
A great pioneer in this field was Mendel (1822— C4)* ^ 
the monastery of Brunn, who investigated the inheritance ot 
pairs of contrasted characters (e.g. tallness versus shortn^, 
yellow seeds versus green seeds, &c.) in certain c tiva 

plants, particularly edible peas (cp. p. 464). « • a «« 

To study heredity in the human race we rely chicHy on 

statistics, collecting figures as to how many tall ^ 

tall children, how many geniuses have specially ab c ^h , 
what proporuons of mental defectives have mentally defective 
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children, and so on. A large mass of knowledge is gradually 
becoming available which may have very important conse- 
qucnces in the near future (cp. p. 522). 

BOTH PARENTS CONTRIBUTE EQUALLY TO THE INHERITANCE. 

One very striking fact remains to be mentioned. Although, 
as a rule, the male parent only contributes a minute sperm to 
the new life, the female egg-cell being very much larger, 
nevertheless the two exert an equal influence on the in- 
heritance. Black Andalusian fowls, mated with similar black 
cocks, produce black offspring, while from a mating of white 
birds white offspring result. When a black bird is mated 
(crossed) with a white one, the offspring are blue, and tliis is 
true whether the hen is black and the cock white, or vice 
versa. 

Such an experiment illustrates the Mcndclian method of 
investigating the laws of heredity, and from it and others like 
it wc have learned that the influence of the two parents is nearly 
always equal. 

THE EFFECTS OF SEXUAL REPRODUCHON. Lct US now examine 
the chief results that follow from this method of reproduction. 

i. The process is obviously very economical. Large numbers 
of offspring can be started, often simultaneously (e.g. in the 
frog), with comparatively little drain on the parent organism. 

u. The entrance of the sperm seems to stir up the c<yg to 
pcatly increased activity. It has been shown in many cases, 
for example, that the entry of the sperm very greatly increases 
tfre rate of respiration of die egg-cell. 

iu. The mingling of two strains, and especially of two sets 

ofehromosomes, providesan opportunity forvariation. Sexually 

produced organisms arc never exaedy like cither parent, but 
share the characters of both. It seems likely that the great ad- 

vantap of the sepal, as opposed to any asexual, process is 
that It makes such variation possible. ^ 

IV. At the same time the sexual method of reproduction 
exerts a conservauve influence, helping to keep the racial 
characters fixed and constant. 

doTirnH promote both varia- 

tion and fixity seems at first sight a paradox. But experiments 




REPRODUCTION 


show that only the gametes of closely related organisms will 
fuse. A cat’s egg-cells, for example, cannot be fertilized by 
the sperms of a dog or a rabbit. Hence cats remain cat-like; 
the type is fixed and fairly constant. Nevertheless, within the 
group, there is much crossing of tabbies with black, white, 
ginger, and other coat colours, of ‘common’ cats with Persians, 
Manx, Chinchillas, and other special strains. 

It is difficult to predict the exact result of any such cross, 
especially when the parent animals arc of mixed ancestry. 
The sexual process may be compared to the making up of one 
new and complete pack of cards from two complete ‘parent* 
packs. Roughly, equal numbers of cards are selected from 
each of the two original packs (cp. p. 435), but usually it is 
quite impossible to say from which of the packs (total parental 
characters) any particular card (set of inherited characters) in 
the new pack (characters of the offspring) will be drawn. Eye- 
colour, for example, is a definite inherited character, but we 
cannot usually predict whether the offspring will resemble its 


male or its female parent in this respect. 

Animal breeders, to whose activities we owe the fleetness of 
modern race-horses, the high milk-yield of modern cows, the 
intelligence of our sheep-dogs, &c., obtain the characters they 
require by breeding only from those animals who possess ffiat 
character in a marked degree, i.c. by a process of selection. 
Darwin showed what great results can be obtained in this 
way; all the races of fancy pigeons, for example, have ^en 
produced by selection from the rock-dove {Columba livia). You 
should consult Darwin’s great book. 

THE WIDER RESULTS OF SEXUAL REPRODUCTION. ThC CttCCtS 
of sexual reproduction do not end with the consequence sum- 
marized in tlie preceding paragraph. Much of the nchnes 
and variety of life is closely connected with this process, in 
the first place, eggs and sperms must be brought together, 
in subsequent chapterswe shaU learn how this end is “ 

various groups of plants and animals, and see how profound y 

this necessity affects the way of life these ^ 

Secondly, many organisms do not abandon 
at the very beginning of its existence, as do both Fucus and 
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frog. Even in these forms there is some slight provision for 
the new generation, in the form of a store of food. It is this 
necessity for food-storage which makes the egg-cell large and 
passive, and entails as a further consequence that the sperm 
shall be active enough to reach the egg. We may regard this 
storing-up of food for the new life as a form of parental care — 
the only form of such care bestowed by a Fucus or a frog on 
its ofTspring. But in other organisms we find many different 
methods of protecting and nourishing the new life during its 
early stages of existence, until we come to the care lavished 
on their young by birds and mammals. As a rule the higher 
the creature in the scale of life, the greater the protection given 
to the new generation. This care of the young gives the 
animal its first training in altruism. It has led, in the course of 
evolution, to the development of those instincts which make the 
individual ready to subordinate its own purely selfish interests 
for the good of the group, be it just the immediate family, or 
those larger groups— herd, pack, flock, school, tribe, or nation. 
In the following chapters we shall study many examples of 
this parental care. 


QUESTIONS ON CHAPTER XXXI 

I. Give an illustrated account of the structure, mode of life and 
methods of reproduction of {a) yeast, or (i) Mucor. * 

.-.A r'y'lf'n''? ‘>y conjugalion? Describe with the 

aid or label ed diagrams how this process is carried out in (a) Spiro- 

’and f ,1 'hief difference between conjuga- 

uon and fertilization? ® 

>*^tanccs, and a short illustrated account, of the followine 

division. (A) buddiim 

(c) development from an egg-cell. (L.G.S ) 

“yolTset/t 

ntiwc'y' f^ranr ^ ^our 

(C.L.) ^ ^ acquainted. 
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6. Compare and contrast the structure, method of feeding, and 
reproductive processes in Amoeba and yeast. 

7. Describe, with the aid of large, clear, labelled diagrams, the 
reproductive organs of the frog, and give a brief account of the method 
of reproduction. 

8. Describe the various types of reproduction with which you are 
acquainted, mentioning examples in each case. Point out which of 
these types you regard as most beneficial to the organism, giving your 
reasons. (L.G.S.) 

9. What do you understand by {a) asexual, {b) vegetative, {c) sexual 
reproduction ? Give a detailed, illustrated description of each of these 
methods, as it occurs in any one organism, plant or animal, which 
you have studied. 

10. Write a short account of the reproduction and spreading of 
bacteria. (Ox. & G.) 

ti. Write a short essay on reproduction. (L.G.S.) 

12. State concisely the difference between sexual ana asexual 
methods of reproduction. Describe the reproduction of Spirogyra in 
detail. (Ox.L.) 

13. Give an account of the various ways in which Hydra multiplies. 

(G.L.) 

14. Distinguish between five of the following: — secretion and ex- 
cretion; sexual and asexual; living and non-living; development and 
heredity; cilia and flagella; gamete and zygote; complete and incom- 
plete metamorphosis; ectoderm and endoderm. (Ox.L.) 
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CHAPTER XXXII 

REPRODUCTION IN FLOWERING PLANTS 

TuEjlower is the specialized shoot which bears the reproductive 
orgaM in all the higher plants. Most people believe that the 
seed is the starting-point of a new plant, but this is not the case, 

STAM£N 

Anther^ fC\ aV IC 

Oysrjj an(f 

OvuU 
Filament 

Receptacle 



Flower stalk 
or pedicel 


Fio. 143. Parts of a buttercup flower 

Inside every seed there is a well-developed embryo plant in 
which the root and shoot systems are usually plainly discernible 
(cp. Figs. 17, 106, 107). It IS by means of the flower that the 
^ent plant foriM, feeds, protects, and generally serves these 

7 '’'Sin their independent 

existence. If you look at any fading flower you will see that 

“e'^l °Ind Of pistil, is enlarging and forming 

the ^t, and inside this frmt are the developing seeds Thf 

(0 The ajidromum and which are known as the 
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essential organs for reasons which will appear later. The 
androecium is the collective name for all the stamens of a 
flower, the gynaecium for all the carpels. 

(2) The calyx and corolla^ which are known as the accessory 
organs. They are not essential to seed-formation, though they 
aid the reproductive process in many ways. These lie outside 
the stamens and consist of leaf-like structures, the calyx being 
formed of sepals and the corolla of petals. The corolla is 
usually brightly coloured and is the most conspicuous part of 
the whole flower. 


Exercise* Examine any perfect flower, such as a buttercup, a 
primrose, or a dead-nettle, and identify the organs described above. 

Many flowers are incomplete, some even consisting of stamens 
only, others only of carpels (c.g. staminate and pistillate 
flowers of hazel, willow, poplar, &c.). These flowers occa- 
sionally grow on different plants. 

Stamens and carpels are both necessary for seed-production. 
The carpels produce ovules, and in each ovule there is an egg- 
cell which, if fertilized, will develop into a new plant. The 
stamens form pollen grains, from which the male cells which 
fertilize the ovules arise. That stamens are necessary for seed- 
production can be shown by the following experiments. 


Experiment 105. With a pair of fine forceps remove the stamens 
from some newly opened flowers. Be sure that the stamens have not 
yet dehisced. Cover the flowers loosely with bags of fine muslin or 
oaper, to prevent pollen reaching them from other flowers. 

Flowers so treated never make fertile seeds (there are a few 
tions (p. 471)). To show that this is due to lack of P^len, and not 
to the injury caused by removal of the stamens, take off the 
from another group of similar flowers, but do not 
If left open to insect visits, some of them, at least, wiU make seeds. 


STRUCTURE OP A STAMEN. 

Exercises 

Remove stamen* both from the bud, and the 

buttercups, tulips. &c.. and sketch them 

With a sharp razor cut a transverse section of the ' 

of a young slLcn, and examine with lens or microscope. Mount 
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tome of the pollen grains which you find inside the bead, and examine 
them under lens, microscope, or microprojcctor. 

The stamen consists of a thin stalk or filament, and a larger 
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head or anther. The anther is usually made up of two anther 
lobes united by a connective (cp. Fig. 144A). Each lobe encloses 
two pollen>sacs which contain numerous minute pollen grains. 
In older flowers we find that the anthers have opened (de- 
hisced), usually by a longitudinal slit, so that pollen is escaping. 

STRUCTURE OF THE OYNAEOUM. 

Exercise. Examine and sketch the gynaecium of the sweet-pea 
or gorsc, buttercup or king-cup, bluebell or hyacinth, and violet or 
1^^* transverse sections of the ovaries of each type; 
with a lens or microprojector and make an enlarged drawing. 
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A gynaecium or pistil is the central organ of the flower, being 
formed at the apex of the receptacle. It is made up of one or 
more carpels, structures which bear some resemblance to small 
leaves. The nature of a carpel is best seen by examining the 
pistil of a pea or gorse flower, which is formed of one carpel 
only. It is a leaf-like structure, folded along its midrib (or 
dorsal suture), and joined by its two edges (the ventral suture) 
to form a closed chamber, the ovary, within which the ovules 
arise. Plants in which the ovules are thus enclosed are called 


Angiosperms. Gymnosperms are seed plants in which the 
ovules are ‘naked* on the carpel. In Angiosperms, where the 
ovules are enclosed from the beginning in the ovary chamber, 
the tip of the carpel is prolonged into a style which ends in 
a stigma (cp. Figs. 144 B and 145). The surface of the stigma 
is specialized for the reception of pollen grains, being often 
rough, hairy, or sticky, thus playing an important part in the 
reproductive process. 

STRUCTURE AND DEVELOPMENT OP THE OVULE AND EGO-CELL. 


An ovule begins as a small outgrowth from the placenta (edge) 
of the carpel, called the nucellus. Soon two protective cov^- 
ings (integuments) arise from its base and grow up round it. 
They do not completely enclose the nucellus; a minute hole, 
the micropyle, is left which gives access to it. 

In the centre of this nucellus there develops a large space, Ae 
embryo-sac \ when the ovule is ready for fertilization it contains 
eight free cells, which all contain half the usual number of 
chromosomes (cp. p. 435)* these is particularly jm 

portant; this is the egg-cell or female reproductive ceU, which 
after fertilization will give rise to the new embryo plant. Ihe 
egg-cell is usually found at the end of the embryo-sac near^t 
to the micropyle, and it is through the micropyle that the 
tube which brings the male cell will enter (cp. Fig. I 45 )‘ . 

FERTILIZATION AS AFFECTED BY LIFE ON LAND. In Studymg 
the processes of fertilizauon described in the last chapter, we 
often found that the egg-cells were expelled into water, wh 
they were left to take their chance of feruhzauon a 
sDcrm This had also been shed into the water, and 
provided with an organ of locomotion, by which it could move 
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and reach the cgg-ccll, to which it was attracted by some 
stimulus, probably a chemical one. 

This method of fertilization is admirably adapted to the 
needs of creatures who lay their eggs in water; there is no 
protection of the cgg-ccll, as a rule, and apart from the storing 
up of reserve food (yolk) in the egg, there is little parental 
care. 


But creatures living on land could not survive under such 
conditions. A fragment of naked and unprotected protoplasm 
would be in continual danger of drying up, if shed on the land; 
hence, in such organisms, we find many methods by which 
their egg-cells arc protected; in nearly every case they are 
retained, as they are in flowering plants (cp. Fig. 145), within 
some chamber or cavity where the danger of drying is avoided. 
This protection of the egg-cell hinders the free access of the 
sperm; how is the male cell to reach the cgg-cell, when it can 
no longer swim about in water to find it? 

We shall find, as our work proceeds, that this problem has 
been solved in many different ways, the processes leading to 
fertilization being very different in different organisms. In 
flowering plants two separate stages arc involved, the first of 
which is known as poUinalion. 


POLLINATION. A ripc poIlcn grain is a small cell enclosed in 
a rather thick, two-layered wall, the outer portion of which 
is often roughened and covered with raised points and ridges 
(cp. p, 456). This pollen grain has no power of indepen- 
dent locomotion; nevertheless it must reach the stigma of the 
gynaeciura if the ovules are to be fertilized. The pollen is set 
free when the anther dehisces (cp. Fig. 144 A3), and is then 
ready to be transferred. The act of transference of a pollen 
gram and its deposition on the stigma is called pollination. 

Sometimes a flower is so constructed that its sugma becomes 

wered with Its own pollen; look at a buttercup or a bluebell 

flower, and you will see this happening; the sUgmas arc sur- 

rounded by the dehiscing anthers. Such a flower is self. 

polltnaud and unless it is scif-stcrilc, i.e. incapable of being 

f^tibzcd by Its own pollen, as often happens, this sclf-polUna- 
uon may lead to self-fertilization. P na 



446 REPRODUCTION 

It is, however, a well-known fact, long recognized by plant 
and animal breeders, that all forms of inbreeding may lead to 
a weakening of the strain. Even uncivilized man often realizes 
the truth of this law. This has led to the development of many 
tribal customs designed to prevent marriage between close 
relatives. Darwin carried out many experiments on this sub- 
ject, investigating the differences betu'een the action of pollen 
from the same and from another similar flower. 

He showed conclusively that 

‘wherever plants which are the offspring of self-fertilization are 
opposed, in the struggle for existence, to the oflspring of cross- 
fertilization, the latter have the advantage* 



‘More numerous seeds and more vigorous offspring are obtained by 
the application of pollen from another flower than by self-fertiliza- 
tion.* (Charles Darwin, Origin of Species.) 


In view of these experimental results (cp. Chapters XXXIII 
and XXXIV) it is not surprbing that we find much cross- 
pollination among flow’cring plants, the pollen being trans- 
ferred by various moving agents, such as wind, water, insects, 
&c., from one plant to another. 

When pollen is carried (usually by some external agent) from 
one flower to another of the same ^nd, such flowers are cross- 
pollinated. There is, as we shall see later, a very close relation- 
ship between tlie way in which its pollen is transferred and 

the shape, structure, and colour of a flower. 

FERTILIZATION. \^en once pollen has been deposited on the 
stigma the second stage follows without any further external 
aid. The grain, stimulated by a sticky fluid secreted by the 
stigma, sends out a pollen-tube which grows down through 
the style. Eventually it reaches the ovary, enters the ov^e, 
usually by the micropyle, and reaches the egg-ceU (cp. tig. 
I4S). A channel is thus prepared down which the male 


fertilizing cell can pass. . . , i* 

Each pollen grain forms hvo male ceUs. (As the ° 
previous reduction division in the pollen mother cells the poUen 
pm^n itself and aU cells formed by it have their chromosome 
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number halved.) The male cells travel down the pollen tube, 
and one of them fuses with the egg-cell. Fertilization is thus 
achieved, although the cells which fuse are not set free, but 
remain protected all through the process. 

From the fertilized egg-cell a new plant develops. 

Exercise. Place a few pollen grains of a bluebell in a lo per cent, 
sugar solution in a watch-glass and keep warm. In an hour or so 
slender threads can be seen growing out of some of the grains. These 
arc the pollen tubes. 


Experiment 106. Place the stigmas of about a dozen bluebell 
flowers in a test-tube, add Fehling’s solution, and test for sugar. We 
see that the stigmas provide a sugary fluid which helps to attach the 
pollen grains, and to feed the developing tubes. 


DEVELOPMENT OF THE SEED AND OP THE EMBRYO PLANT. Thc 

changes in the ovule that follow upon fertilization, by which it 
becomes a seed, may be summarized as follows: 


Parts of the ovule 

1. Integuments 

2. Micropyle 

3. Funicle (stalk) 
Egg-cell 

Embryo-iac and nucellus 


Corresponding parts of seed 

1. Testa of seed 

2. Micropyle of seed 

3. Funicle of seed 
Embryo plant 

The cavity of the embryo-sac outside 
the developing embryo becomes filled 
with food-storing cells (endosperm),* 
and eventually so enlaiges that it 
encroaches on the nucellus (cp. Fig. 

165). 


DEVELOPMENT OP THE FRUIT. While thc ovulcs arc ripening 
into seeds, the ovary wall grows, thickens, and undergoes 
many changes, forming thc pericarp of the fruit. The stigma 
and style usually wither and fall off, and thc fruit is left with 
its contained seeds. 

There is great variety in thc structure of fruits. The pericarp u 
often brightly coloured and succulent as in the plum and 
it may be dry and brittle, as in a snapdragon; sometimes it is hooked, 

* In some seeds (endospermie) the ripe seed still has r«crve 
the endosperm. In othen (non-endospermic) thc embryo absorbs aU the 

endosperm bffofs thc seed is ripe (cp. p# 34 ®)* 



IN FLOWERING PLANTS 449 

as in cleavers; sometimes provided with a wing (c.g. sycamore) or 
plume of hairs (e.g. dandelion). In these and many other ways to be 
discussed later the pericarp often becomes an organ which aids in the 
dispersal of the seeds (cp. Chapter XXXV). 

THE FLOWERING PLANT AS A PARENT. Wc havc leamcd that 
there is, in dowering plants, a process of sexual reproduction 
which b admirably adapted to life on land. There is no cx> 
posure, either of the gametes (reproductive cells) or of the 
young embryo. Both are carefully protected through all the 
processes of fertilization and early development. The pollen 
tube serves to bring male and female cells together, while, 
after fertilization, the new plant develops within the body of 
its parent, enclosed in various protective envelopes — testa, 
ovary wall, and sometimes receptacle as well — all these being 
parts of the parental organism (cp. Fig. 165). 

Further, the embryo is nourished by the parent for a con- 
siderable time, food reaching it through the vascular bundle 
of the ovule. The amount supplied is in excess of its immediate 
needs, and a store is laid down which it can draw upon when 
its connexion with the parent is finally severed. This is the 
food used for germination (cp. pp. 347-58). 

Finally, when the inevitable separation from the parent 
takes place, there is often some dispersal mechanism by which 
the passive young plant is scattered to ‘fresh fields and pastures 
new". 

Flowering plants represent the culmination of plant life, and 
they havc evolved a high form of parental care. There is a very 
analogous series of events among the highest animals, the 
uaammals. They, too, enclose and protect the embryo, and 
noiirish it both before and after its birth, i.e. the beginning of 
its independent existence. Wc shall return to this subject in 
Chapter XXXVI. A high level of development is always 
accompanied by a high degree of parental care. This b one 
of the fundamental facts revealed by a study of biology, 

dUESTIOJ/S ON CHAPTER XXXII 

For questions on tins chapter sec questions to Chapter XXXlVri 

40«I p * 
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CHAPTER XXXIII 

SOME FLOWERS AND THEIR POLLINATION 

MECHANISMS 

Let us now examine the structure and method of pollination 
of a few common flowers. 

THE BUTTERCUP. Many species of buttercup grow in Britain, 
of which the bulbous buttercup, the meadow buttercup, and 
the creeping buttercup arc the commonest. Examine a flower 
of any one of these species. 

Exercise. Remove the parts of the flower, one by one, and sketch 
the various organs. Then cut a flower longitudinally down its middle 
and notice the shape of the receptacle and the position of the various 
organs on it. 

The buttercup is a perfect flower (cp. Fig. 143); it consists of: 

i. A conical receptacle, which represents the specialized 
apex of the flower-stalk; from this all the organs of the 
flower arise. 

ii. A calyx of 5 completely separate, ‘free’ sepals. These are 
hypogynous, i.e. they arise from the receptacle below 
the gynaecium (cp. Fig. 153). 

iii. A corolla of 5 free, hypogynous yellow petals, which 
alternate with the sepals; each has a pocket-shaped 
nectary at its base. 

iv. An androecium of numerous free, hypogynous stamens, 
arranged spirally on the receptacle. 1 hesc dehisce so that 
the pollen is shed towards the outside of the flower, i.e. 
they are extrorse. 

V. A gynoecium of numerous carpels, each consisting of 
separate stigma, style, and ovary. Within each ovary is 
a single ovule. These carpels are free from one anoth^ 
(apocarpous). The whole g^maecium is superior, i.e. it 
arises from the top of the receptacle and above the other 
organs of the flower. 

DIAGRAMS WHICH SHOW THE STRUCTURE OF Tfffi FLOWER. 

When an architect or engineer wants to make a design clear he 
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often constructs two diagrams, a horizontal or ground plan, 
and a vertical elevation (or longitudinalscction), of the building 
or the engine he has in mind. Similar diagrams are very useful 
in making clear the structure of a flower. We call them floral 
diagrams and longitudinal sections. Let us leam how to construct 
these for a buttercup. 


} 


Fio, 146. A. Floral diagram. B. Longitudinal section of a buttercup 

flower. (After Yapp) 




To construct a floral diagram. The foundation for these diagranu is 
alwa)^ a series of concentric circles. Each circle will represent one 
whorl (or ring) of floral leaves, the outermost circle representing the 
lowermost whorl. The stem from which the flower-stalk arises is 
repres^t^ in the diagram by a dot; the leaf (called a bract) in the 
axil of which the flower develops is represented by a bracket. We 
now imert the whorls in the diagram, taking care to place them in 
tnc right relationship to axis and bract. 

In a buttercup wc insert its sepals on the first circle, making them 
quite separate; 5 free petals on the next, which alternate with the 
sepals; then numerous stamens with anthers directed outwards (since 
their dehiscence is extrorsc). In the buttercup the stamens am not 
m circles or whorls, as in most flowers, but are arranged spirally on 
the receptacle. Inside the innermost circle we make a drawing of 
the gynacaum as seen from above. ^ 

‘^^Sram sho^ at once the number of whorls of which any 
flower IS composed, the number of organs in each whorl, wheS 



45a REPRODUCTION 

they are joined to each other or free, and their arrangement relative to 
one another. 

To construct a longitudinal section. This is a drawing of an imaginary 
slice, having no thickness, cut longitudinally through the centre of 
the flower. It b constructed from the half-flower, by drawing only 
the cut surfaces. Such diagrams show clearly the shape of both the 
receptacle and the flower, and illustrate the position of the various 
organs on the reccpucle. Cut a buttercup flower longitudinally 
through the centre — it b wise to start cutting at the lower, stalk end. 
Examine the half-flower carefully, and compare it vdth the longi- 
tudinal section drawn from it (cp. Fig. 146 B). 

By such sketches and diagrams we can make clear the most 
important features in the structure of any flower. The salient 
characters can be expressed shortly by a floral formula. The 
buttercup formula is: K5 C5 A ooG where K = calyx, C = cor- 
olla, A s= androccium, and G = gynoecium, while the symbol 
00 is used to indicate that the parts are numerous. The line 
beneath the last symbol shows that the gynoecium is superior.! 

Pollination of the buttercup. How does buttercup pollen reach 
the stigmas of the buttercup flower? If we examine these 
flowers from day to day we find that they are somewhat prot^ 
androuSf i.e. most of tlieir stamens open (dehbee) before their 
stigmas are ready to receive pollen. There is only a short 
period when male and female stages overlap; during thb time 
self-pollination b possible (cp. p. 445)* 

But the flower makes nectar and abundant pollen. Both 
these substances are much sought for by insects, the nectar 
(a solution of sugar in water) supplying them with carbo- 
hydrate, and the pollen with protein food. Its bright colour 
and attractive scent make the flower conspicuous, and we may 
often see insects flitting over a buttercup meadow and alighting 
on the flowers. These are shallow, and an insect need only 
have a short proboscis (cp. p. 460) for it to reach the pocket- 
like nectaries, long-tongued flies (hover flies) and small bees 
being the buttercup’s most frequent insect visitors. 

If you will consider the path of an insect probing for nectar 
you will see that the extrorse dehiscence of the stamens brings 
the escaping pollen directly in the way of the insect visitor. 
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It gets covered with it, and quite unconsciously carries it from 
flower to flower. In this way there is much cross-pollination 
by insect agency, though, as we have seen, self-pollination is 
not entirely excluded. These pollination mechanisms should 
be studied out of doors. 


The buttercup fruit and seed. 

Exercise. Examine and sketch (a) the pistils of fading buttercup 
flowers, ripe fruits. The fruit is a collection of small nuts or 



Fio. 147. A. The apocarpous gynaccium of the buttercup flower. B. The 

fruit. C. A tingle acbene and its contained iced. «, ican of itamens; 

sp, scars of sepals 


achenes. Soak a ripe fruit ovemightin water, and dissect out the small 
It is cndospermic, and within the white endosperm you may 
be able to find the embryo plant with its two tiny cotyledons and 
more conspicuous radicle. 


THE HAZEL, like many of our trees and shrubs, has small 

mco^picuous and incomplete flowers. They appear very early 

m the year, before the foliage leaves have unfolded. The 

flowers are of^o kinds, staminaic and pistillate, both sorts 
being produced on the same plant. 

Each staminaU flower arises in the axil of a bract, and consists 
of two small scales and of four stamens (cp. Fig. 148 G), 
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These flowers are arranged spirally on a drooping axis; the 
whole structure is often caUed a ‘lamb’s tail*. This is a simple 
t^e of ir^orescence (flower grouping) known as a catkin, con- 
sisting of unstalked, unisexual flowers. In the hazel it is formed 

in the autumn and elongates very rapidly in the following 
February or March. 





Bract 



Bracts 


Bud s cale I - M Stamen 
scars 

C 

Fio. 148. Inflorescencb and Flowers op Hazel. A. Shoot 
bearing inflorescences, one catkin still unopened (xi). B. 
Two female flowers (X 10). C. A male flower (x 10) 



The female inflorescence looks like an ordinary vegetative 
bud, but may be distinguished by its crimson, projecting 
stigmas. Each bud is covered with brown scale leaves and 
contains about ten pistillate flowers. The flower consists of a 
gynaecium with two stigmas, surrounded by a very simple 
double perianth (cp. Fig. 148 B). 

The pollination of hazel is effected by the wind. The exposed 
position both of the stamens and of the whole catkin, the fact 
that the catkin is loose and hanging, so that it is set swinging 
by every puff of wind — all these features facilitate the escape 
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of pollen, while the projecting stigmas readily catch some 
of it 


Exercises 


Examine hazel bushes in winter, and sketch the young catkins. 

Examine and draw a fully opened catkin, and investigate tijc 
structure of the little flowers of which it is formed. 

Examine a hazel twig for female inflorescences. You can recognize 
them in Nlarch by the tuft of red stigmas which protrudes from them. 
Sketch one of these buds; also dissect it with mounted needles, and 
draw under a lens the structures of which it is composed. 

Hazel has typical wind-pollinated flowers. Other flowers 
with this method of pollination should now be examined, e.g. 
poplar, oak, ash, birch; grass flowers, dock, dog’s mercury, 
stinging-nettle, &c. 

^erctse. Examine and sketch the parts of any of the above flowers 
which arc available. 


All wind-pollinated flowers have certain features in common. 
The method is obviously a wasteful one; a great deal of pollen 
must be lost for the one grain that hits its mark, i.e. lands on 
a stigma of its own kind of flower. How wasteful it is was made 
clear by an investigation carried out in the United States. In 
spring of 1934 a botanist examined the deposit from a 
aust-storm> and found that some 34*7 tons of dust fell on every 
square mile of land, of which no less than 3-4 tons consisted 
of oak pollen. In England it is the abundant grass pollen of 
May and June which is the principal cause of hay-fever. Wind- 
pollination is indeed a wasteful process. 

CHARACTERS OF WIND-POLLINATED FLOWERS. Wind-polH- 

nated flower usually agree in the foUowing characters: 

1. They form no nectar. 


Ij* They have no bright colour. 

iii. They have no sweet scent, 

Z' abundance of Ught, dry, powdery pollen. 

V. The.r sti^cture is such that this pollen is easily shaken 
out of the flowers by the tvind. Sometimes the whole 
smminate inflorescence is loose and hanging, as in 
hazel and poplar; sometimes the individuai\n^eis are 
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exposed, hanging loosely on their filaments, as in grass 
flowers. 

vi. The stigmas protrude and are large and cither feathery, 
as in grasses, or sticky, as in poplar. 

vii. The flowers are cither produced before the leaves arc 
out, e.g. hazel, birch, poplar; or they arc produced 
above the foliage, where they will catch the wind, e.g. 
grasses. 

A little thought will make clear how helpful are all these 
features to wind-pollinated flowers. Such plants often grow 
in large communities. Much of the earth is covered by forest- 
land or grass-land. Grasses are wind-pollinated; so arc many 
forest trees. 

It is interesting to contrast the characters of wind- and insect- 
pollinated flowers. We find many marked differences between 
them, which are obviously related to their methods of 
pollination. 

CHARACTERS OP INSECT-POLLINATED FLOWERS. InseCt-poUi- 

nated flowers are more conspicuous than are those pollinated 
by the wind. They usually offer many attractions to their 
insect visitors, the chief of these being: 

i. Nectar, which they produce in special nectaries ; it repre- 
sents food and drink to the insect. 

ii. Pollen, which is another important source of insect food. 

iii. Bright colour! attract the insect’s attention. 

IV. Sweet scent f 

The pollen is not wasted as much in these flowers as in those 
which depend on the wind. Other features often exhibited by 

insect-pollinated flowers are: 

V. The stamens arc relatively few in number, and often 

hidden. 

vi. The pollen is usually rough and adherent (cp. p. 445)» 
not light and dusty as in wind-pollinated flowers, 
vii. The stigmas arc not exposed, and arc not as large as 
in wind-pollinated flowers; indeed, both stamens and 
stigmas are often completely hidden. 

The whole flower is a more highly specialized structure than 
the one pollinated by wind. This spccializadon increases as 
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we pass from simple, open flowers like buttercups, in which 
all the parts arc exposed and easily reached, to such forms as 
a sweet pea, dead-nettle, or snapdragon. These flowers arc far 
from simple. They are not open, but completely closed, and 
their essential organs arc well hidden and almost inaccessible 
to most insects (cp. Fig. 150). Unlike the simpler radially con- 
structed flowers {a£tinomorphic)y they are only divisible by one 
plane into two similar halves {i:ygonioTphic), This makes the 
nectar inaccessible to any insect that does not approach the 
flower in one particular way. WTien it does this, stamens and 
stigma are so placed that the insect inevitably cornea into 
contact with them. In this way cross-pollination is cfiected. 

In many such flowers there is a high degree of specialization 
to the visit of one kind of insect only, a form of adaptation 
which is not without danger to the plant, as the following 
examples make clear. 

In one experiment, carried out by Charles Darwin, he found 
that 

twenty heads of Dutch clover or White clover {Trifolium repens) 
yielded 3,290 seeds, but 20 other heads protected from bees produced 
not one. . . . Humble-beea alone visit this clover, as other bees cannot 
reach the nectar.* 

Another similar species of clover, the red clover (T. pratense), 
was early introduced into New Zealand as a crop plant. In 
view of Darwin’s experiment, quoted above, we are not sur- 
prised to learn that at first, although they obtained abundant 
flower, the colonists got no clover seed. Eventually humble-bees 
were also introduced, and then they obtained seed in plenty. 

Interesting maps can be plotted showing how the geo- 
^aphic^ distribution of an insect and a plant may be related. 
Ulten the one is dependent on the other; monkshood, for 
sample, is only found in the region of humble-bees, and we 
know ^at this plant is pollinated solely by those insects. The 
mutual interdependence of flower and insect is a fascinating 
subject, which should be studied both in the field and from 

^cciahzcd polhnauon mechanisms arc described in the next 
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WIND POLLINATION VERSUS INSECT POLLINATION. Perhaps 

you will ask, ‘Which of these methods of pollination is the 
better?’ 

We cannot say that one of these methods is better than the other. 
The number of speciis that are insect-pollinated (entomoplulous) is 
the greater, but probably not the number of individuals. The most 
successful dicotyledonous family, the Compositae [daisy family; cp. 
Pigs. 151 and 152] is insect-pollinated; the most successful mono- 
cotyledonous family, the Gramineae (grasses), b wind-pollinated 
(anemophilous). 

‘Yet the influence which has directed the course of evolution towards 
the production of gay, fragrant blossom has been the relation of insect 
to pollination.* (Skene, Biology of Flowering Plants.) 

FLOWERS AND INSECTS. When wc Study the relations between 
flowers and insects we find that both are benefited by this 
interdependence. The insect gains food, and often shelter, 
either for itself or for its eggs and larvae (grubs, maggots, cater- 
pillars, &c.). We have all found these creatures in raspberry 
fruits, pea seeds, &c. The flower b cross-pollinated, with all 
the opportunities for better seed, &c., and, above all, for 
variation, which cross-pollination brings. 

‘If several varieties of cabbage, radish, &c., are allowed to seed 
near each other, a large majority of the seedlings thus raised turn out, 
as I have found, mongreb. For instance, I rabed 233 seedling 
cabbages from some plants of different varieties growing near each 
other, and of Utese only 78 were true to their kind.* (Darwin, Origin 
of Species.) 

Darwin investigated the effectiveness of the insect for this work 
of pollination. Let us quote just one case : 

‘Some holly trees bear only female flowers . . . others bear only 

male flowers Having found a female tree exactly 60 yards from 

a male tree, I put the stigmas of 20 flowers . . . under the microscope, 

and on all there were pollen grains. ... , u 1 

‘As the wind had set for several days from the female to the male 

tree, the pollen could not have been carried by the wind. . • • 
female flower had been effectively pollinated by bees. (Darwm, 

Origin of Species.) 
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D«ECTS AND THE FORMS, COLOURS, AND SCENTS OF FLOWERS. 

The insect does not, as a rule, sip nectar while on the wing. 
Most insects alight for this purpose, and the shape of the flower 
is often such that some one part of the corolla makes a con- 
venient alighting platform. Indeed, the habits of insects and the 
shapes and colours of our flowers are inextricably interwoven. 

There even seems to be a certain relationship between the 
colours and scents of flowers, and the insects which visit them. 
‘Fly flowers’ are often dull of colour and unpleasant in scent, 
bees seem to be specially attracted to blue flowers (cp. p. 241), 
butterflies by those which arc red or white in colour. ‘Moth- 
flowers’ are often white or yellow, and many of them, e.g. 
evening primroses, tobacco plants, &c., emit a strong scent, 
and indeed only become fully open tow ards evening. 


POLLINATION A SUBJECT FOR INDIVIDUAL INVESTIGATION. Thc 

whole subject of pollination can only be studied out of doors, 

and you should take every opportunity of observing these 

things for yourself. When you have watched any insect at its 

work, you should then examine both insect and flower, and try 

to discover what would be thc probable effect of these activities 

on the essential organs— on thc escaping pollen and on thc 
receptive stigma. 

This IS a subject, as thc quotations given from Darwin show, 
in which we can all be original investigators. Darwin was 
perhaps the greatest biologist who has ever lived, and yet you 
see how simple many of his methods were. One of thc attrac- 
Dons of biology is that we need not rely entirely on books for 
our knowledge, but partly, at least, on our own independent 
observauon. More than this, we can fairly easily, especially 

know’led'''' ™ natural history, add to the stock of common 
knowledge, and experience the joy of real dUcovery by Bnding 

out some as yet unknown fact for ourselves. ManyVLt men 

from Anstotle to Lord Grey of Falloden, have sucSeTto 
the fascination of this study, »ui.LumDca to 

investigations, to be able to recognize 
Won«. arc wateWng 
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THE CHIEF INSECTS WHICH VISIT FLOWERS ARE I 

i. Beetles (Coleoptera). These be distinguished by their two 
front wings, which form hard, protective cases over the two 
back wings, which arc used for dying. 

(L Flies (Diptera). These have one pair of wings only, which are 
thin, transparent, and with very few veins. 

iii. Bees and Wasps (Hymenoptera). These have two pairs of 
membraneous wings. In some well-known forms the body is 
striped black and yellow. 

iv. Butterflies and Moths (Lepidoptera). These have two pairs of 
large wings, covered with coloured scales, and a pair of long 
antennae. The butterfly’s antennae are usually club-shaped at 
the end. Those of a moth arc long, tapering, and feathery. 

THE LENGTH OF THE INSECT’s TONGUE AND THE SHAPE OP THE 

FLOWER. With the exception of beetles, insects belonging to 
anyof the abovegroups have hollow tubularybroi>ojr«(‘tongues’), 
by which they suck up liquid food, such as nectar. Flies have 
the shortest tongues, 3 mm. or less in length, while at the other 
end of the series the proboscis even of a British moth may be 
30 mm. long when uncoiled, and in foreign moths it is often 
much longer. Hence, by looking at tlie structure of a flower, 
and especially at the position of the nectar, we can often make 
an accurate guess as to the type of insect likely to visit it. 
Some flowers are obviously only suited to short-tongued insects; 
such arc all the ‘umbel' flowers (Umbelliferac), the stonccrops 
and saxifrages, &c. At the other end of thcscalearc the flowers 
with long, narrow tubes, like honeysuckle, white convolvulus, 
and evening primrose, which are all pollinated by moths. 

QC/ESTIOJ^S ON CHAPTER XXXIU 
For questions on this chapter ice questions to Chapter XXXTV. 
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CHAPTER XXXIV 

A STUDY OF CERTAIN SPECIAL POLLINATION 

MECHANISMS 

TYPE I. THE SWEET PEA 

Habitat and structure. This is a well-known garden plant, 
growing to a height of about 8 feet. It climbs by tendrils 
which represent modified leaflets (cp. Fig. 122 B). 

*Thc flower differs markedly in shape from those previously 
described. It is zygomorphic (cp. p. 457), which is charac- 
teristic of many flowers with highly developed pollination 
mechanisms. Its floral formula is K.(5) C5 A(9)-l-i G^. 


Exercises 

Obuin complete plants and study the stems and leaves. Sketch 
a 1^ with its tendrils and observe the wings of assimilatory tissue 
which run down on opposite sides of the stem. Notice how these 
wingp arc related to the leaves. These leaves have two leaflets and 
end in a group of tendrils. There are stipules at the leaf-base. 

Examine a sweet-pea flower, take it apart, and make sketches 
Which Illustrate the structure of the whole flower and of its various 
organs. Notice carefully how wing and keel petab interlock at the 
base. Try to construct a floral diagram of the flower. Place your 
thumb and finger on the two wing pciab, carefully press them down- 
ward, and try to dUcover what would happen if a heavy insect 

depressed them in the same manner. 

The sweet-pea flower has a calyx formed of five green sepab, which 
arejom^ below to form a cup. The coroUa consbts of five free petab 
ganged as a large posterior standard, nvo lateral wings, and two 
antenor petab so joined that they form a trough-like keel. 

^though quite free, the wing petab interlock with the keel at the 

together. In these flowen. the 
wmg petals form the alighting platform for the vbiting insect. 

“"drocemm consbts of ten stamens, nine being joined by their 
^menb to form a thin cyUndricaJ trough round the ovary Thb 

. a.-.,. ...... 
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Sepals, petals, and stamens arc inserted on the rim of a slightly 
hollow receptacle. The flower \s perigynous {cp. Fig. 153 Bi). 

The superior gynaecium b formed from a single carpel. The style 
b curved upwards and projects beyond the stamen trough. The 
ovary is surrounded by thb trough, and nectar, produced by glands 
at the base of the stamens, collects in it. It can be obtained by an 
insect through the narrow slit along the top of the trough, where 
there b the single free stamen. The top of the style is thickened and 
hairy. 

POLLINATION MECHANISM. Such b thc StFUCtUrC of thb floWCF. 

Nectar and pollen are both well hidden; it requires a ‘clever’ 
insect to find them. How different from the ‘well-spread 
table’ which a buttercup exposes to tempt any insect hovering 
above it! 

These pea flowers (and there are many showing a similar 
structure — gorse, broom, vetches, clovers, laburnum, lupin, 
&c.) are usually pollinated by bees and humble-bees, which 
are intelligent insects. The bee alights on the wing petab; 
tliese are dragged down by thc weight, bringing thc keel down 
with them. The stigma b uncovered and touches the under 
surface of the insect. At thb moment cross-pollination b 
effected. 

The stamens have dehisced early, shedding their pollen into 
the tip of the keel. As thc weight of the insect depresses thc keel 
still farther, thc hairs on the style, acting like a sweep’s brush, 
push out some of the pollen, which b thus deposited on the 
hairy body of thc insect as it stands sipping nectar. 

When it flies away to another flower much of thb pollen 
will be lost, being brushed by the bee into hb pollen-baskets 
and carried to thc hive (cp. p. 494); but enough b left to 

effect cross-pollination. . 

When the bee leaves, the parts of the flower return to their 
original position, thc keel once more hiding from view both 
stamens and gynaecium. 

THE POLLINATION MECHANISM. A SUMMARY. Wc SCC that thc 
pollination mechanism of this flower b a very speciahzcd one. 
But we cannot study this mechanbm at work 
for these highly cultivated flowers arc always self-polhnated 
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in England, pollination occurring before the flower opens. 
So all the attractive mechanisms wliich they display are 
apparently useless. Unlike the clovers (cp. p. 457), most 
peas can, in the absence of insects, be self-pollinated. This 
fact has been of great use in the study of heredity. Many of 
Mendel’s experiments (cp. p. 436) were carried out on edible 
peas, which, like the sweet peas, are self-fertilized. Unless he 
cross-pollinated them artificially, he could be sure that no new 
factors would be introduced from a second parent to compli- 
cate the results of his experiments. 

TYPE II. THE SNAPDRAGON 

HABITAT AND STRUCTURE OP FLOWER. This is a perennial 
Mediterranean plant which grows in stony places, even on old 
walls. It is grownin England as a garden plant, having become 
almost wild in some districts. Its closed, zygomorphic flower 
is very familiar; it is rather like that of the toadflauc, and 
should be compared with it. 


Exercises 

Examine a flower and make sketches of its parts. Notice particu- 
larly the relative position of stamens and stigma in {a) newly opened, 
( 6 ) older flowers. Consider the flower from the point of view of an 
insect approaching it and seeking for a landing-place. Where would 
be the alighting platform? 

Compare and contrast the gynaecium of the flower and the ripening 
and fully ripened fruit. Make diagrams illustrating the structure. 

The flower of a snapdragon consists of calyx, corolla, androecium, 
and gynoccium. Its floral formula is K( 5 ) C( 5 ) A4 G(‘) : the brackets 
denote that the members of the whorl are fus^ with each 
least in part. It is very zygomorphic, the two-lipped corolla is tighUy 

closed, and all the essential organs hidden. 

The green hypogynous calyx (cp. Fig. 153) “ formed of five jo 

The coloured hypogynous corolla consists of five 
forming a long coroUa tube. Two petals form the upper (postenor) 
i°p and thre/the lower (anterior) lip of this tube. The an.enor hp 
forms the alighting platform for the visiting . 

The androecium consists of four stamens, the 
longer than the posterior pair (cp. Fig. 150 A). 
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attached to the bottom of the corolla tube, and their position with 
r^ard to the petals is best seen in a very young bud. As the corolla 
lengthens the filaments of the stamens elongate and curve, so that the 
four anthers are brought into the posterior position, i.e. up to the 
back of the corolla tube. 

The superior gynaecium consbts of two joined carpels, with axile 
placenution (cp. p. 475). The stigma is forked (bifid). 

The gynaecium ripens into a dry fruit (capsule) which opens by 
three pores to set free the numerous tin y seeds. 


Antherx of 



Forked 





Z Upped 
CorcUd 



Fro. 150. Zyoouorphic Flowers. A, B. Snapdragon. C. Dead-nctUe. 
showing relative positions of stigmas and stamens at time of pollination 


POLLINATION MECHANISM. The Snapdragon is a typical bee 
^wer, and is almost always pollinated by humble-bees, 
wough smaller bees occasionally manage to effect an entrance! 
Ncctor is secreted by a disk at the base of the ovary, and collects 
m the bottom of the corolla tube. The stamens lie under the 
upper Up of the corolla, with the stigma just above them. 
I he heavy bee, aUghting on the lower Up of the coroUa, drags 

down by its weight and forces open the entrance to the 
tube (cp. Fig. 150 A). 

■^e insect pushes into the flower and touches the stigma, 
^cn, probing stm farther after nectar, it receives poUen ^m 

A very similar mechanism can be seen in the foxghvt whose 

** »*nicture clolely resemble 

that of the snapdragon, except that the tube u wide open. 
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The foxglove is pollinated exclusively by humble-bees; they 
are the only insects large enough to fill the bell and so to 
deposit pollen on the stigma. 

The stamens of this flower ripen before the stigma becomes 
receptive (protandrous), but there is some overlap, so that self- 
pollination is possible (cp. p. 445). 

The dead-nettle is a very common zygomorphic flower with a 
somewhat similar structure and a similar pollination mecha- 
nism. It is pollinated by long-tongued bees (cp. Fig. 150 C). 


TYPE III. THE COMPOSITAE 


Daisies, dandelions, marigolds, sunflowers, cornflowers, 
thistles, &c. — many of our best-known flowers — arc all essen- 
tially similar in structure. For this reason we group them 
together; they constitute the Composite family or Compositae. 

This family is the most successful of all the flowering plants, 
and contains over 11,000 species. Flowers more or less re- 
sembling daisies and dandelions are found in all parts of the 
world. They are usually small herbs, and their excellent 
pollination mechanisms, the arrangements for the dispersal 
of their fruits by wind or animals, and the division of labour 
which often exists between the various small flowers or florets of 
the typical ‘head’ — all these advantages make us regard these 
plants as having reached a very high stage of development. 

The family gets its name because the so-called ‘flowers’ arc 
not flowers at all, but inflorescences. The true flowers {florets) 
are massed together on a flat floral axis, and the whole head 
{capiiulum) is surrounded by one or more sets of leaves (the 
‘involucre of bracts’) which does for the head what the cal^ 
usually does for the individual flower, protecting it when m 


bud, &c. 

The family falls naturally into three groups: 

i. Those, like the dandelion, in which all the florets are 

long, strap-shaped structures (cp. Fig. 152). 

ii. Those, like the cornflower,* thistles, and groundsel, m 

which they arc all tubular structures. 

■ Th. outer floret, of the cornflower have lo« their .tamem and carpeb, 
and hence can function only as attracuve organs. 
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iii. Those, like the sunflower, in which the outer ones are 
strap-shaped, the inner tubular (cp. Fig. 151). 

Exercise. Examine the flowering heads of: (a) dandelions, hawk- 
weeds, hawkbits, &c., (A) cornflowers, hardheads, groundsel, (c) sun- 
flowers, daisies, ragwort, &c., and notice the nature of the individual 
florets. 
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F«>werj op the Anwal Sunflower. A. Ray floret. 
Bx, Ba. Disk florets. Bx. Whole floret. Ba. Longitudinal section of Bt 

the Ai^AL SUNFLOWER. Habitat and JloTal Structure. This is 
not a nauve Bn^h plant, but is often grown in gardens, where 
the very large flower-head forms a striking object. We have 

(cp. Fig. io8), and the structure of the young stem (cp. p. 94). 

^erdse. Examine the capitulum of the annual ^ 
sunflower. Make sketches which illustrate the sto^Je J. 

(a) the whole capitulum, (4) a single ray floret, (c) a disk floret. 
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Fio. 15a. Floret of Dandelion and its Pollination. A, Floret of 
dandelion (X 3). Bi. Pollen exposed (male stage). Ba. Stigmaj ready for 

pollination (female stage). B3. Self-pollination 
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In the sunflower the capitulum bears florets of two kinds, 
each arising in the axil of a white, membraneous bract. 

The ray floret consists of a vestigial calyx, represented by one or 
two very small sepals; a zygomorphic corolla of five petals, joined 
to form a long yellow strap (cp. Fig. 151 A). The flower is incomplete, 
and quite sterile, having lost its reproductive function and servin g 
merely to make the whole bead more conspicuous (cp. p. 471). There 
are no stamens, and although there is an inferior ovary (cp. p. 473) 
it has neither stigma nor style, and forms no ovule. 

The disk floret consists of a vestigial calyx of scale-like sepals, 
usually two; a regular tubular corolla of five joined petals, which is 
epigynous (cp. p. 473) ; an androeciuin of five stamens united by their 
anthers, their filaments being separate and attached to the base of 
the corolla tube; a gynaecium consisting of two joined carpels, which 
form an ovary containing only one ovule; this ovary is inferior (cp. 
P* 473} i there is a long style and a bifid stigma. 

THE POLLINATION BISCHANISU OP THE COMPOSITAE. 

Exercise. Examine a well-opened sunflower head, remove from it: 
(a) an unopened floret, (6) a recently opened floret, (e) a fading 
floret; sketch them carefully, and try to discover: 

(i) how and when poUen is exposed, (ii) how and when the stigmas 
are exposed. 

In sunflowers, and indeed in all the Compositae, the florets 
of any one capitulum do not open simultaneously. The whole 
head is conspicuous and attractive, and nectar is produced by 
^ch floret at the base of the style (cp. Fig. 151 Ba). It rises 
in the corolla tube, and can be reached by quite short-tongued 
insects, such as flies and short-tongued bees, which crawl about 
over the top of the capitulum. There is, in these Composite 
flowers, no adaptation to any particular pollinating insect. In 
a young, newly opened floret the style is short, and lies within 
the stamen tube (cp. Fig. 152 Bi). The stamens dehisce 
introrsely, and shed their pollen into this tube. 

hairy style now elongates and gradually sweeps the 
pollen out of the top of the anther tube (cp. Fig. 152 Bi) It 
IS thus exposed, and visiting insects wiU be powdered with it. 
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The growth of the style continues, and the two lobes of the 
stigma separate, exposing their inner receptive surfaces (cp. 
Fig. 151 Ba). They are now ready to receive pollen. 

The lobes of the stigma continue to separate, finally curling 
back until they touch with their upper surfaces some of the 
pollen which still adheres to the hairs on the style (cp. Fig. 
152 B3). In this way self-pollination is assured in case cross- 
pollination does not take place. Nothing is left to chance in this 
most highly developed of families. 

By this mechanism pollen is often transferred from one floret 
to another of the same head; but, as the insect flics from one 
head to another, cross-pollination also occurs. The pollination 
mechanism is very similar all through this large and successful 
family. 

POLLINATION MECHANISM OP THE DANDELION. In CVery CSSCn- 

tial feature the structure of one of the constituent florets 
resembles that of the ‘perfect* tubular sunflower floret just 
described (cp. Fig. 152 A). Each flowering head is open for 
about 8 hours on three consecutive days; it then closes while 
the typical fruit is being formed. These fruits are ready some 
18 days after the flower first opened. When they are ripe the 
bracts separate again, exposing the fluffy ‘parachutes* (cp. 
Fig. 155 A). 

Examining any one head, we find that the florets open 
gradually from outside inwards, and they are all open by the 
end of the third day. On a wet or cold day, however, the head 
may remain closed, and its period of opening be prolonged in 


consequence. 

In one of these florets, as in the sunflower, there is the saine 
sequence of: i. newly opened floret, ii. exposed pollen (male 
stage. Fig. 152 Bi), iii. exposed stigma with receptive sur- 
faces separate (female stage, Fig. 152 B2), iv. the curving back 

of these in the last phase (cp. Fig. 152 B3). 

Yet, in spite of all this, dandelion florets are never ferulized. 
They have acquired the power of producing fertile seeds trom 
unfertilized ovules. The egg-cell grow paMtnogtntUcally, i.e. 
without previous fertilization (cp. p. 494 )\ This you can p 
for yourself by the following simple experiment. 
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Experiment 107. With a sharp razor cut off the top of an un- 
opened ‘flower’, removing the whole upper half of the capitulum. 
Tic over this head a cover of fine white gauze. The mutilation does 
not prevent seed and fruit formation. The characteristic fruit is 
formed unhindered. And, if sown, the seeds will germinate as well 
as those from an unmutilated head. 

EVIDENCES OF EVOLUTION. Thc story of thc dandelion with 
its perfect pollination mechanism, which is apparently never 
used, is an extraordinary one; but there is no end to Nature’s 
Curious ways. Wc often meet with similar instances of partheno- 
genesis in the insect world, c.g. among bees {cp. p. 494) and 
greenfly (cp. p. 506). How are wc to account for it? The story 
becomes more intelligible if we believe in evolution, believe, 
that is, that living organisms were not created exactly as we 
sec them to-day, but capable of infinite change and develop- 
ment. (Cp. p. 326.) 

We then see in the dandelion a plant which, in spite of 
perfect sex organs, is losing its dependence on a sexual process, 
i.e. thc latter is becoming vestigial, (We have abundant evi- 
dence that such things can happen (cp. p. 192).) One cannot 
help wondering what thc ultimate effect of this will be, and 
whether thc advantages will outweigh the disadvantages. Will 
thc race of dandelions retain their vitality, or will they pay 
for this inbreeding by loss of vigour? Will variations be less 
frequent in the dandelions of the future? Many such questions 

occur to us, which the scientists of the future may be able to 
answer. 

The occurrence of vestigial organs, such as the useless g^mae- 
cium seen in thc ray florets of the sunflower, is also regarded 
as showing that evolution occurs. There are many cases of im- 
perfect florets in these composite flowers. It seems that they 
have lost their original function, namely reproduction, and 
nave become useful in quite a different way ; they serve to make 
the whole capitulum attractive to insects. Many vestigial 
st^ctures occur in both plants and animals; we shall return to 
a discussion of these matters on p. 515 ct seq. 

SELF-POLLINATION AND CROSS-POLLINATION. Although many 
plants are always self-pollinated, even, surprisingly enough, 
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some, such as sweet peas and garden peas, which possess definite 
structural features making cross-pollination more likely, yet 
on the whole it seems that cross-pollination gives better and 
more vigorous seeds. When we study methods of pollination 
we find many devices which definitely prevent self-pollinadon. 

i. If the sexes are separate^ i.c. if there arc separate staminate 
and pistillate flowers which arc borne upon different plants, 
cross-pollination is inevitable. This condition is found in such 
dioecious plants as willows, poplars, stinging-nettle, dog’s 
mercury, holly, date-palm. The pollination of the female date- 
palms by the priests was a religious ceremony in ancient 
Babylon. 

ii. If the flowers are selfslerile^ i.e. if the flower cannot be 
fertilized by its own pollen, cross-fertilization is also inevitable. 
This condition is found in many cultivated fruit trees, in the 
purple and white clovers (cp. p. 457), in foxgloves, mignon- 
ette, &c. 

iii. If the flowers are dichogamouSy i.e. if their anthers and 
stigmas come to maturity at different times which do not 
overlap, self-pollination is impossible. If the stamens ripen and 
shed their pollen before the stigmas are receptive, the flower 
is called protandrous. Foxgloves, delphiniums, most Composites 
(cp. Fig. 152), campanulas, are examples of this, the more usual 
condition. If, on the other hand, the stigma is receptive before 
the stamens dehisce, the flower is protogynouSj e.g. strawberry, 

hawthorn, apple, figwort, plantain, &c. 

iv. Sometimes there is some mechanical barrier which prevents 

Bclf-pollination; the stigmas and stamens arc mature at ^bout 
the same time, but so placed that the pollen cannot reach the 
stigmas, e.g, irises, violets, pansies. In primroses and cowslips, 
as is well known, there are two types of flower, pin-eyed 
flowers, with the stigma above the stamens, and ‘thrum-eyed , 
with the relative positions of these two parts reversed, ine 
two forms of flower arc borne on different plants and the 
device undoubtedly favours cross-pollination. ^ 

Experiments have shown that polUnaUon of a pm- y 
flower by ‘thrum-eyed’ pollen, and vice versa, gives the best 

results in number and vigour of seeds. 
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Exercxsct Examine and sketch the flowers mentioned Ln the 
preceding paragraph, and investigate the pollination mechanisms. 

DEVICES FOR SELF-POLLINATION. Dependence on wind or in- 
sects for so absolutely vital a process as pollination is obviously 
a weakness in the way of life of the flowering plant. Hence it 
is not surprising to find that many have a second method of 
reproduction by vegetative means (cp. pp. 368-75 and 421). 
Further, many short-lived ephemeras are habitually self-polli- 
nated, e.g. chickweed, gfroundsel. In other cases, as in the Com- 
posites, the pollination mechanism is such that self-pollination 
occurs if cross-pollination fails. Finally, some plants form two 
different kinds of flower, special inconspicuous, self-pollinated 
flowers being produced after the better-known insect-pollinated 
ones are over. Look for these small, bud-like cUistogamous 
flowers in summer on plants of violet, wood-sorrel, &c. 


A SUMMARY OP THE CHIEF FEATURES OF FLORAL STRUCTURE 


Flowers differ greatly in structure. The chief features to be noticed 
in comparing them are: 

(1) The number of whorls of floral leaves and the number wnH 
arrangemcni of the members of each whorl. 

(2) Arc the perianth leaves (i.e. the sepals and petals) free, that is 
inserted separately on the receptacle, or joined in some way to each 
other? If so, how? 

(3) Do the perianth leaves arise from the receptacle 

(a) below the ovary (hypogynous flowers) ? (Cp. Fig. 153 A.) 

(i) above the ovary (epigynous flowers) ? In such flowers the 
receptacle is hollow, it encloses and is joined to the ovary (co 
Fig. 153 C). 


(0 round the ovary (perigynous flowers) ? The receptacle in these 
tjpes is shaped like a shallow saucer or even like a cup, and 
thesepaband petab arise from its rim (cp. Fig. i53Bi,B2). 
la the flower actinomorphic or zygomorphic, i.e. can it be 
dmded by at least three or by only one plane into looking-glass halves ? 

TftK \ft eyna^um formed of one carpel or of more than one? 

If the latter, are these carpeb aU free (apocarpous), or arc they joined 
to each other (syncarpous) ? t- v. lucy joinea 

of joining or the carpeU affect, 
the position of the ovules wuhin the ovary, i.e. it ^ects thmr 

placcntation. Sometimes they arc so joined as to form an ovary with 
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several compartments or loculi, the number usually corresponding to 
the number of carpels. Such placentation is axile; the ovules are 
found in the centre of the ovary (cp. Figs. 154 B, 156 Bi). 

Sometimes the carpels are joined edge to edge so that there is only 
one chamber in the ovary (unilocular). Such placentation is called 
parietal. There arc several rows of ovules on the ovary wall, the 
number of ro\vs usually corresponding to the number of joined 
carpels (cp. Figs. 154 A, 156 Ai). 

Finally, if in an ovary with axile placentation we imagine that 
the partitions between the chambers break down, the placentation 
becomes free-central. The ovules remain on an upstanding column 
(representing the free placentas) in the middle of the ovary (cp. 

Fig. 154 Q- 

Exercise. Examine flowers of different structure to illustrate the 
above facts; for example: 

bluebells (hypogynous; syncarpous ovary with axile placentation); 
rose (perigynous; ovary apocarpous); 

apple or pear (epigynous; syncarpous ovary; axile placentation); 
primrose (hypogynous; sympetalous; syncarpous ovary; free central 
placentation); 

violet or pansy (h>pogynous; zygomorphic corolla; syncarpous 
ovary; parietal placentation). 


QUESTIONS ON CHAPTERS XXXII-XXXIV 


I, Describe with the aid of labelled diagrams the structure of any 
named flower. What do you know of: 

(а) its pollination mechanism, 

(б) the events which lead to the formation of the fruit? 

a. By means of fully labelled diagrams compare the structure ol 
the two flowers provided and explain the method of polUnauon m 


each of them. (L.G.S.) - , 

a. Describe a buttercup flower, and say what you know ot the 

functions of its various parts. How would you disunguish between 

the three commonest species of buttercup? 

4. Compare the whole plant of a land buttercup 

tvidt a plant of water-crowfoot, and point out how far the differences 

between them arc related to differences in habitat. (C. .) 

5. Describe, with the aid of labeUed diagrams, one wmd- an^o« 
insect-pollinated flower, and point out the chief differences between 

the two forms you describe. (G.L.) 
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Fio. 153* The Different Forms op the Receptacle. A. Sepab, petals, 
and stamens hypogynoiu; ovary superior. Bi, Ba. Sepals, petab, and stamens 
perigynous; ovary superior. C. Sepab, petab, and stamens epigynous; 

ovary inferior 



A B C 

Fto. 154 , Different Syncarpous Ovaries 
FoRjffiD PROM Three Carpels. A, Parietal: 
Axile; FrcC'^ccDtrel placcDtation 
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6. Write a short essay on the part played by insects in the pollina- 
tion of flowers. (L.G.S.) 

7. Describe and give diagrams illustrating the structure of the 
flower and fruit of either rose, bluebell, sweet pea, snapdragon, or 
sunflower, and give an accurate account of the method of pollination, 
naming and describing the pollinating insect. 

8. In a study of pollination it often appears that a flower is especially 
constructed for the visit of a certain type of insect. Select one 
named flower and insect, and describe in de tail their relationship. 
(L.G.S.) 

9. Give an illustrated account of the external features of the honey- 
bee, and show how this insect brings about pollination in the sun- 
flower. (O.L.) 

10. Describe the structure of a flower that is pollinated by a butter- 
fly (or a moth). Explain the functions of the various parts of the 
flower; state also how pollination is effected, and in what way the 
insect itself benefits. (L.G.S.) 

XI. Give an account of any one flower whose pollination mechanism 
you have studied closely, showing clearly: 

(a) which facts are based on your own personal observation, 

(^) which you obtained from books, &c. 

12. Describe the structure of one wind-i>ollinated and one insect- 
pollinated flower. How are they specially adapted to their methods 
of pollination ? (C.L.) 

13. Make diagrams to show the structure of any flower that is 
pollinated by long-tongued insects and describe exactly the behaviour 
of the insect in bringing about pollination. (L.G.S.) 

14. What do you understand by: 

(a) self-pollination, 

(b) cross-pollination? ^ 

Describe thret different ways in which cross-pollination may be 
brought about, naming the plants to which you refer. What are the 

advantages of cross-pollination? (C.W.B.) 

15. What is meant by poUination? What is the difference between 
self- and cross-poUinadon? Explain how poUinadon diffen from 
fertilizadon. Enumerate the general characters of inscct-poUmated 

flowers. (Ox.L.) _ . , ... 

16. Describe the fruit, seed, seedling, floweri, an po 


mechanism in the sunflower. - . « 

17. Show by means of diagrams the structure o e ow 
buttercup (Ranunculus), and explain how pollination cs p 
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this flower. What kinds of insect visit the buttercup, and for what 
purpose? (O.L.) 

18. Give some account of the arrangements found among flowering 
plants for promoting cross-pollination, illustrating by reference to 
particular examples. (C.W.k) 

19. Make detailed drawings to completely illustrate the structure 
of the two plant specimens provided (gooseberry, clematis fruit). 
Name all the parts shown, and roughly identify the specimens 
indicating the means of dispersal in each case. (L.G.S.) 

ao. Make a floral diagram and sketches to illustrate the structure 
of a flower adapted for cross-pollination. Describe the method of 
pollination in the flower you select. (L.G.S.) 

ai. What do you understand by fertilization? Explain your 
answer with reference to a sweet pea, and any moss or liverwort 
which you have studied. (C.L.) 

aa. Describe, by means of diagrams only, the structure of the 
mfloresence and the flowers of the sunflower. Explain the statement 
Ue sunflower inflorescence is very highly specialized, showing con- 
siderable division of labour’. (Ox.L.) 

23. Draw named diagrams to show clearly and in detail the struc- 
ture of the flower of Pisum (pea). Indicate the utility of the arrange- 
ment of the parts for poUmation purposes. (Ox.L.) 

24. Name and describe {a) the flowen of any plant which shows 

CToss-poIhnation ensured by the presence of separate male and female 

flowers, and (6) the flower of any plant which shows cross-pollination 

^i^ed by stamens and pistil ripening at different times while present 
m the same flower. (J.M.B.) ^ 

25. Name two plants the flowers of which are normally visited by 
Imects. In each case describe in detail, with the aid of diagrams, 
what happens when these insect visits arc made. Explain how you 

would then expect to happen to them. (C.L.) ^ 
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CHAPTER XXXV 

FRUITS, THEIR STRUCTURE AND DISPERSAL 


Fruits and their cl^sification. A fruit is simply a case 
containing one or more seeds. This is generally formed from 
the ovary and ovules which ripen respectively into the fruit 
waU (pericarp) and seeds. In all cpigynous flowers (cp. Fig. 
153) the receptacle must also form a part of the pericarp, since 
from the beginning it was fused with the ovary wall.* Remark- 
able development of the receptacle is shown in some cases; c.g. 
in the strawberry, the rose hip, and the apple, in all of which it 
becomes more or less fleshy or juicy (cp. Fig. 156). The corolla 
and stamens often wither before fruit formation, but in some 
cases, usually in fruits formed from cpigynous flowers, the 
calyx may persist, though often partially withered. The style 
and stigma may even form part of the fruit, as in poppy, geum, 
and clematis. 


We may classify fruits into (a) dehiscent fruits, which open to 
let free the contained seeds (e.g. pods, capsules, &c.); (^) tn- 
dehiscent fruits, which do not open and are usually one-sceded 
(e.g. nuts, achenes; (c) splitting fruits which separate into a 
number of one-sceded structures (c.g. the four nutlets of a 
dead-nettle fruit). Examples of aU three types arc usually 
present in any collection of the common fruits of the country- 


side. j /i\ • • 

Another classification divides them into (a) drj and 
(or succulent) fruits. This subdivision is very important when 
we are considering dispersal mechanisms. 

Exercise. Make a collection of common fruits, examine their 
structure carefully, and make illustrative sketches. Try to ascertain 
from what type of ovary each fruit was formed, e.g. of how m^y 
carpeb did it consist ? Were these carpel, separate 
joined together (syncarpous) ? If joined, how? ,n-rinr 

placentation (axilc, parietal, or free-central)? Was co\arys p 

or inferior, &c.? (Cp. pp. 473"50 

. The term -false tfuif has sometime dol^^ 

and other forms; it U better to use it for fruit-hke bodies wmeo 


•eed, e.g. the banana of our shops. 
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FRUIT FORMATION. 

Exercise. By comparing flowers and the fruits derived from them 
determine, for a fev examples (e.g. buttercup, blackberry, gcum, old 
maa’s beard, ash, plum, goa«ebcrry, goosegrass, &c.), what changes 
occur in the ovary wall as the- pistil ripens into a fruit. These changes 
affect its thickness, texture, colour, succulence, &c. 

The pericarp of the mature fruit exhibits great variety of 
structure. It is dry and hard in nuts, achencs, pods, capsules, &c. 
(cp. Fig. 155). In many forms, on the other hand, it becomes 
succ^ent and often brightly coloured. In the fruits known as 
berries the whole pericarp becomes soft and succulent except 
for an outer skin (e.g. gooseberries, grapes, &c. (cp. Fig. 
156 Ai)) ; in another well-known type, the drupe or stone fruit, 
which is usually one-sceded, it becomes three-layered, develop- 
ing as an outer skin, a juicy middle layer, and an inner ‘stone* 
which encloses and protects the seed (e.g. plum, cherry, &c. 
(cp. Fig. 156 A2)). The fruit of blackberry, raspberry, &c., 
consists of a collection of Htde drupes or drupelets. 

Exercise. Examine a collection of succulent fruits, pick out the 
bOTes and drupes, and sketch typical examples. In other juicy fruits 
the succulent part is usuaUy the receptacle, or even the axis, as in the 
multiple fruit of the pineapple (cp. p. 484). 


THE BIOLOGICAL SIGNIFICANCE OP THESE VARIATIONS IN PRUTT 
STRUCTURE. From the point of view of the plant the structure 
of the fruit matters not at all, so long as it affords adequate 
protection to the seeds and ensures their proper dispersal at 
me nght Umc. This need for the dispersal of the seed is the 
impor^nt fact to be kept in mind in studying fruit structure, 
heeds themselves are incapable of locomotion. But it is vitallv 
important to the plant that they shall be carried far afield 
not only far enough to remove them from competition with 
parent, but also far enough to makepossiblcthcoccasional 
^^nizauon of new ground. This dispersal is effected in many 
different ways and usually by some external agent. There ^ 
always a very close connexion between the strucLc of the 
and the means by which it is dispersed. “ 
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Achene 
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%'nyed 

pencarp 



Achene 



,0. 155. Winged and Plumed FRum and Seeds. A. 

. dandelion; B.cIcmaU5. C. D. 

E. F. Winged fruits: E, sycamore; F, elm. G. Winged seed, p 


DISPERSAL MECHANISMS 

1. EXPLOSIVE MECHANISMS. Occasionally the dispersal of the 
seed depends on processes taking place in the fruit itself. 
A gorse pod explodes suddenly and flings out its seeds; this 
explosion is brought about by unequal drying of different parts 
of the pericarp. The capsules of ‘touch-me-not* roll up when 
touched and fling out their seeds. In the Levant there is a plant 
known as the ‘squirting cucumber’, a name which su6ficiently 
explains the mechanism by which it distributes its seeds. 

n. DISPERSAL BY WIND. Most plants depend on the wind for 
seed dispersal. All small, light fhiits and seeds will tend to be 
carried in thi< way, and during strong gales even larger fruits 
and seeds, e.g. acorns, horse-chestnuts, may be blown some 
distance. But many plants are not dependent on an occasional 
gale; their fhjits or seeds have special structures, either a wing 
or a plume of hairs, which aid their dispersal by enlarging 
their surface so that they will keep afloat for a time even in the 
lightest breeze. 

These organs for wind dispersal arc formed from many parts 
of the plant; this is shown by the following table: 


Organs for Wind Dispersal 


Struetwt 

dispersed 

Origin of the dispersal 
meehanism 

ExampU 

Plumed fruit 

1 . Plume formed from style 

2. „ „ calyx 

Clematis 

Dandelion, thistle, &c. 

Plumed seed 

Hairs formed on testa 

Willow, willow-herb, 
cotton 

Winged fruit 

1. Wing an extension of the 
pericarp 

2. Wing a bract 

Elm, sycamore, ash 

Lime, hornbeam 

Winged seed 

Wing an extension of the testa 

Pine, fir 


Exercise. Examine the following fniits; compare if possible with 
the flowers. Sketch each fruit and determine the nature and mode 
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Fro. 156. Succulent Fruits. A. Pericarp succulent: Ai, transverse 
section of a gooseberry; A2, longitudinal section of a plum. B. Succulent 
rcccptade: Bx, apple; Ba, strawberry; B3, a rose hip-aU in longitudinal 

section 


Hooks on 

pericarp^ 




Hooked 

style 


Achene \ 1 / Hooked 

' I '1 - bracts 

/V w ^ B (i ^ 

Fio. 157. Hooked Fruth. A. Goosegrass. B. Gcum. C. Burdock 
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of origin of the organ for wind cLjposal: clematis (old man’s beard), 
dandelion, thistle, willow, willow*herb, elm, sycamore, ash, lime, 
hornbeam, pine, fir, &c. 

ra. DISPERSAL BY ANIMALS. All fniits and seeds which offer 
food to animals will occasionally be dispersed by them. Rooks 
have been seen carrying acorns over a mile away from the 
nearest oak tree. Squirrels hoard acorns, beech nuts, &c., and 
often drop some and forget others. These examples make 
clear how such dispersal occurs. 

Succulent fruits. Many plants have special structures which 
encourage this dispersal by animals. All succulent fruits are 
much sought after, birds, &c., eating the fleshy part and 
dropping or swallowing the seeds. If swallowed, these can 
often pass through the animal’s alimentary canal unharmed, 
and still capable of germination. 

Hooked fruits. Contrasted with this method of dispersal is the 
unconscious carrying about of fruits and seeds by animals, to 
whose wool, fur, skin, &c., they adhere. Darwin examined 
the soil sticking to the feet of an injured partridge, and allowed 
the seeds in it to germinate. In this way he obtained 82 seed- 
lings. Many fruits develop hooks which, by attaching them 
to the animal's body, aid such dispersal. Such hooks may be 
formed from various parts of the plant (cp. Fig. 157). 


Examine a collection of succulent fruits and determine from what 
part of the plant the juicy pulp is formed, also how the seed is pro- 
tected so that, even if swallowed, it is not digested. 

Examine a collection of hooked fniits, e.g. hound ’s-tongue, carrot, 
goosegrass (cleavers), geum (avens), burr-marigold, burdock, teasel 
agrimony. in each case to discover (a) the nature of the ovary 

The pulp of fleshy fruits, like the hooks of burr fruits, may 

point of view of the 
plant It makes no difference whether the pulp (or hook) come* 

: the important thing is 
that It 13 formed and so is there to aid dispersal. The variety 
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of parts which can give rise to ‘pulp’ or hooks is illustrated by 
the following tables. The facts given there should be verified 
by examination of actual specimens. 


Organs for Animal Dispersal 


I. Succident Fruits and Seeds 


StTVilure 

dispersed 

of dispersal 
mechanism 

1 

1 Examples 

Succulent berry 

Juicy pericarp 

Gooseberry, grape, 
misdetoe, tomato, &C. 

„ drupe 

Juicy middle layer of 
pericarp 

Plum, cherry, &c. 

„ pome 

Juicy receptacle 

Apple, pear, &c. 


/Juicy receptacle 

Hip, haw, strawbeny, 
&c. 

Various other hiiits 

/ Fleshy perianth 

Mulberry 

1 

1 Flask'shaped juicy 

V inflorescence axis 

Fig 

Seed of dehiscent fruit , 

Oil bodies on testa 

, Gone, castor-oil^ violet, 


snowdrop 


II. Hooked Fruits 


Stmeture 

dispersed 

Origin of dispersal 
muhanism 

Examples 

Hooked fruit (a burr) 

/Hooks formed on peri- 
1 carp 

Hook formed from sc- 
1 pals of reduced calyx 

Hooks formed on the 
receptacle 

Hook formed from 
. style 

Hound’s-tongue, carrot, 
goosegrass 
Burr-marigold 

Agrimony 

Geum (avens) 

Hooked capitulum 

Bracts of capitulum are 
booked 

Teasel, burdock 
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IV. FLOATAGE BY WATER. The cuJTents of rivers and oceans 
arc important agents of dispersal; water plants, and those 
which live on river banks or on the sea shore, are often 
scattered in this way. Darwin found that many seeds will 
germinate after being immersed in sea-water for thirty days 
or more; such seeds, if accidentally blown out to sea, can 
survive for a time, and plants may occasionally be carried in 
this manner for many miles, even from a continent to an 
adjacent island. There is a small group of American plants 
on the west coast of Ireland whose seeds may have reached 
our shores in the Gulf Stream. 


Many plants exhibit mechanisms for decreasing the average 
density of the seed so that the whole structure will remain 
afloat (Principle of Archimedes, cp. p. 314). The seeds of the 
water-lily hold bubbles of air in a special aril and drift in the 
current until the aril decays. They then sink to the bottom 
and become embedded in the mud, where they germinate. 
The fibrous husk of a coco-nut is full of air-chambers, the air 
being enough to float even this large seed. Coco-nut palm5 
arc a very characteristic feature of tropical islands. 

DISPERSAL OF SEEDS. A SUMMARY, Wc havc Icamcd that 


seeds arc dispersed in countless ways, and wc know that plants 
come to occupy the most unlikely places, crevices in old walls, 
crannies in bare rock, &c., while even the driest desert 
‘blossoms* after a shower of rain. So effective arc these various 
mechanisms that ‘one year’s seeding b seven years* weeding*, 
in the gardener’s adage, and by them the plant is largely 
compensated for its lack of powers of locomotion. 

An opportunity was once given to naturalists to study the 
cflcct of these various dispersal mechanisms on a large scale 
when the island of Krakatoa, near Java, was overwhelmed by 
the lava from successive volcanic eruptions during 1883. 
Every living thing was kiUed, and the island had to be 
^dually rcpopulatcd, the nearest land being twelve miles 


A unicellular plants (algae and 

wc ulc seeds, some gcnninaung, of 
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certain strand plants, similar to those on the shores of the 
nearest land— Java and Sumatra. The island was gradually 
repeopled. By 1897 there were many flowering plants. Of 
these, over 60 per cent, had water-borne seeds, some 30 per 
cent, were wind-borne, and only 8 per cent, or less had seeds 
dispersed by animals. These observations made very clear 
the relative efTectiveness of the various dispersal mechanisms 
under such conditions. 

Struggle for existence. All living organisms have an enormous 
capacity for reproduction. One shepherd’s-purse plant may 
produce 64,000 seeds, one female codfish lay 6,000,000 eggs 
a year. Now the size of the earth is strictly limited and it is 
obvious that only a very small proportion of these potential 
offspring can survive. Darwin found, for e.xample, that, of 
351 seedlings growing on a bare patch of earth 2 ft. by 3 ft. 
in area, 291 were soon destroyed, principally by insects. 

Such facts led him to emphasize how fierce is the competi- 
tion between one living organism and another. He called this 
competition tht struggle for existence; we may study this in 
miniature on any piece of waste land. Soil is never left bare 
for long. Floods, earthquakes, droughts, and all manner of 
natural catastrophes may destroy life temporarily, but it comes 
creeping in again and is soon established as firmly as before. 
If you ever have the opportunity to study the colonization 
of an area left barren by the builder or roadmakcr, &c., you 
should observe what happens carefully. You will find this an 
absorbing and interesting study. 

Kate has sown candy-tuft, lupins and peas. 

Carnations, forget-rae-not and heart’s ease; 

Jack has sown cherry-pie, marigold, 
Love-that-lies-bleeding and snap-dragons bold; 

But who knows 
What the wind sows? 


(T, Sturge Moore.) 



(487) 


QJJESTIONS OJ^ CHAPTER XXXV 


1. Distinguish between a fruit and a seed and describe the mode 
of distribution in any yJcr of the following. State in each case the 
nature of the parts by which the distribution takes place. Cherry, 
burdock, cleavers, apple, poplar, dandelion, willow-herb, sycamore. 
(L.G.S.) 

2 . Give an account of the part played by animals in the dispersal 
of fruits and seeds. Give detailed and fully labelled diagrams of the 
fruits and seeds you mention. (L.G.S.) 

3 . Explain carefully what you mean by a seed and a fruit. 
Describe the structure of the grain of maize (or wheat). (J.M.B.) 

4 . Describe three different methods of dispersal of seeds, and give 
drawings to illustrate on# example of each method you describe. 
(J.M.B.) 

5* Give an account of the principal means whereby fruits and seeds 
are dispersed. Name examples to illustrate your answer. (L.G.S.) 

6 . Give examples to indicate the association of animals with plants 
in the fertilization of the flowers and the dispersal of the seeds. (D.) 

7 . Whai is the difference between a fruit and a seed? In what 
ways are animals concerned in the distribution of fruiu and seeds? 
Give examples. (L.G.S.) 

8 . Make detailed drawings to completely illustrate the structure 
of the two plant specimens provided. (Fruits of gooseberry and old 
man’s beard.) Name all the parts shown and roughly identify the 
Specimens, indicating the means of dispersal in each case. (L.G.S.) 

9- ® words state the essential difference between a fruit and 

a 8^. Describe carefully and illustrate what you would sec with the 

naked eye and a hand lens in any normal fhiit (a) shortly after fertili- 
zation, (5) when fully opened. (Ox.L.) 

10 . Describe carefully fruits of any two types you have studied, and 

“ nature. 


^111*3 and sccds disposed? Describe /(.Uf 
r'* illustration of your answer. Of what 

advantage is u to plants that their sccds should be dispersed? (Ox L ) 
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Antenna 
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^Ocelli 
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iiHea 



iilAiaxi/ls <7 
its palp 
ipinnerec 


B 


I 


Tip of probosds 


Spiracle 


nus 


Modi from 


^ Cremasterf a iim y t ^ 
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Fio. 158. Stages in the life-history of the cabbage white buttcrfly-^w- 
bg egg; B, larva (caterpUlar) ; B„ head of larva (more highly magnified), 

C, pupa 
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CHAPTER XXXVI 

REPRODUCTION IN ANIMALS. INCREASING CARE 

OF THE YOUNG 

The great majority of animals reproduce sexually, and many, 
like the frog, immediately cast their eggs adrift, giving them 
little or no protection (cp. p. 319). Such creatures must pro- 
duce innumerable eggs so that an occasional one may survive. 

‘The real importance of a large number of eggs or seeds is to make 
up for much destruction at some period of life; and this period in 
the great majority of cases is an early one. If an animal can, in any 
way, protect its own eggs or young, a small number may be produced, 
and yet the average stock be fully kept up; but if many eggs or young 
arc destroyed, many must be produced, or the species will become 
extinct.* {Origin of SpecUs.) 

These words of Charles Darwin express a profound biological 
truth. Care of the young is always a sign of a high state of 
development. Let us examine some examples of this parental 
care among animals. 

REPRODUCTION IN INSECTS 

Exercise. Obtain some eggs of any common insect, e.g, silkworm, 
cabbage white butterfly, cockroach, &c., and study their development. 

Many of these creatures can be kept quite easily in captivity. They 
nwy be placed in wooden boxes, preferably with sides of perforated 
zme, or in large inverted bell jars over which muslin covers arc tied. 
Fresh supplies of food, e.g. mulberry leaves, cabbage leaves, &c., 
must be given frequently. 

Insects usually reproduce sexually. The males and females 

pair, the cgg-ccUs are fertilized, and the eggs laid (cp. pp. qiq 
3*5). V 1- rr o o 

I. CABBAGE WHITE BUTTERPLY. The cggs of the Cabbage 
white butterfly are laid in May and again in late summer, 
usually on a plant of the cabbage family, i.c. on a plant which 

sir caterpillar as food. Each egg is enclosed 

in a nard ndged shell, and contains a certain amount of reserve 
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food. Hence the protection and care given to the young 
organism are of varied nature: 

(a) It is protected by its hard shell. 

(b) It is provided with a little food to start it in life; the 
egg contains a certain amount of stored food (yolk). 



A 


Capsule containing 
sixteen eggs and a 
number or sperms 

The qoung animals 
c of the 




breaK ou 
egg -case here 



Capsule containing three or 
four eggs and a number of 
sperms; also food material 


Fio. 159. Egg-capsules. A. Reddish-brown egg-capsule of cock* 
roach ( x 3). B. Brown, homy, cgg-capsule of earthworm { x 3) 


(c) It is placed by its mother on the appropriate food plant, 
so that it need hardly move from the spot where it was 
*born*, but can complete its caterpillar life there. 

In all these ways the mother butterfly looks after her offspring 
although, so far as we know, she never sees them. She flies 
away directly the eggs are laid. 

II. THE COCKROACH. In the cockroach (cp. p. 156) sixteen 
fertilized egg-cells arc enclosed in an egg-capsule, fornied by 
a secretion from special glands. The female animal carries this 
capsule about for a time, eventually depositing it in some 
suitable dark crevice. Hence in these animals the^ egg is not 
immediately abandoned by the mother insect; she gives it some 

slight supervision. 
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tn. THE AiTT, A SOCIAL INSECT. Ants live in colonies which 
contain at least three kinds of matuie insect — queens, workers, 
and males (cp. Fig. x6o). The colony is formed by a queen. 
Among the yellow meadow*ants (Lasius flavus), for example, 
she escapes on some ver>' fine day from her old home, accom- 
panied by a swarm of males, is fertilized during this ‘nuptial* 
flight, and then settles down quite alone to a life of egg-laying. 
Having bitten off her wings, she excavates a tiny burrow, 
retreats into it, and waits, untended and unfed, until a few of 
her eggs have developed into tiny wingless workers. It may 
take the queen some months to rear this first family. Even- 
tually, however, the young workers are ready to leave the 
burrow, and to collect food for themselves and their ‘mother*. 
Soon they begin to enlarge the burrow, excavating holes and 
passages in the ground, and gradually forming an ant-hill. In 
an observation nest the queen may often be seen, attended by 
many workers. 

‘They stroke her with their antennae and Hck her, and attend upon 
her as she walks about in a leisurely manner, often dropping eggs as 
she goes. These arc immediately picked up by the workers and 
transferred to one of the nurseries.' (Von Wyss, Living Creatures,) 

Exercise. Construct a formicarium, consisting of two chambers, 
each having a glass floor and roof and wooden sides. The first or 
observation chamber is quite shallow, being only about ^ inch deep. 
The second chamber is deeper, and a length of glass tubing connects 
the two. Such an apparatus is c.tsUy made at home. 

Now look for an ant-heap, and remove enough soil to fill your boxes, 
which should have well-fitting but removable glass lids. Carefully 
search in the ant-heap and try to discover a queen. If you are success- 
ful, bring her home, with a few workers, pupae, larvae, and eggs. The 

easiest heap to raid in this manner is perhaps that of the yellow 
meadow-ant. 

Fill your formicarium with the dry, sifted soil; bore a hole in the 
wo^ at one side of each compartment, through which you can 
moisten the soil with a fountain-pen filler. The holes are afterwards 
plugged with cotton-wool. Now introduce your captives into the 
oce^r of the two chambers, and place a black cloth over the 
■haUower one. Some of the ants will eventually discover this darkened 
part of the nest; having done so, they return to their companions and 
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apparently make their discovery known, for they all gradually migrate 
into it. Sometimes the queen goes with them willingly; sometimes a 
group of workers appear by their combined eflbrts to pull and push 
her into the new home. Eggs, larvae, and pupae are assembled by the 
workers, and the nursery is gradually organized. You can now watch 
the orderly life of the ant-heap. Give the captives food— either honey, 
a dead fly, or some banana skin, introducing this at one of the 
entrances provided for watering the soil. 

All is now in order, and the ants will soon settle down. Keep them 
well supplied with food, keep the soil moist, but not wet, and cover 
the whole formicarium with a black cloth. If you uncover one part the 
ants will desert the part exposed to the light, and you can watch 
their antics. 


Stages in the life-history of the ant. The eggs laid by the queen 
are looked after by tlie workers, who lick them over daily. 
From these, blind, legless, and helpless grubs (larvae) emerge, 
who depend on their ‘nurses’ for the satisfaction of their every 
need. They are kept clean (by licking), and are fed with a 
liquid which the nurses disgorge from their own crops. As the 
grubs grow, their attendants sort them out into different 
chambers of the nest, according to their size (cp. Fig. i6o), the 
workers carrying them about much as a mother cat carries her 
kittens. Sometimes they are brought up near the surface, ap- 
parently for warmth ; at others taken into the deeper recesses 
of the home, where there is less light and more inoisture. 

When full-grown the grub is covered with particles of ca^ 
by the worker, and spins about itself a sUken cocoon. Witlun 
the cocoon it discards its skin, and a pupa resembling the 
adult animal is soon visible. Workers still look after 
it is fully formed they open the cocoon, one making the sut 
(cp. Fig. i6o) while another assists the young ant to escape. 
They help it to unfold its legs, at the same time supplying it 
with food. GraduaUy it becomes stronger and ^n at tot be 
left to look after itself. Its long period of dependence, not on 
its mother, but on the commumty to which it belong, 

A few days later the creature leaves HU 

time, and is ready to play its fuU part m the hfe of .he ant^^ 

whether it be as wingless worker, as winged ^ 

queen. From birth almost to maturity these animals are lea 




Fio. loo. Itiienor of an ani-hUJ to »iiow how ihc workers arrance 
Ac young according to Ac stage to which Aey have developed 
r u Chambers are very small larvae (grubs), m Ae 

fourA full-gTO%m larvae, and in Ae bottom chamber cocoons. 

ca\M ants’ eggs. (Reproduced from M. W 
>\ heeler, Arts, by permission of Columbia Umversity Press) ’ 
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and cared for. Care of the young has been brought to great 
perfection in the ant world. 

IV. THE HONEY-BEE. Bccs, Ukc ants, often have a social life 
of great complexity. Honey-bees, for example, live in com- 
munities containing thousands of insects. These are of three 
kinds, queens, drones (males), and workers (sterile females), 



Fio. i 6 i. The Honey-Bee (X i). On left, sterile female (worker); in 

centre, female (queen); on right, male (drone) 


all of which arc winged. Their food is more restricted than 
that of ants. The latter, though fond of sweet things, will eat 
animal and vegetable matter of many kinds, while bccs food 

consists entirely of pollen and nectar. 

The queen is again the mother and founder of the whole 
hive. This home is started after the act of ‘swarming*, when 
the original queen leaves the old hive with her myriads of 
attendant workers. The swarm takes possession of a new site, 
and soon the younger workers are actively secreting and work- 
ing the necessary wax, while older ones hollow it out into me 
well-known hexagonal cells. In each of these an egg p de- 
posited by the queen, whose whole life is spent in cgg-laying. 

Stages in the life of the bee. The eggs* develop into larvae, whi^ 
are fed at first on a liquid, consisting of parually digested lood, 
which is prepared for them by the nurses, and at a later stage 
on a paste compounded of this Uquid, honey, and pol en. 1 nc 
larva, becoming full-grown, is imprisoned in its ce , ^ 

contains a store of honey and pollen, by the attendant worked, 
who form a porous cup of wax, so closing the mouth ol t^ 

* Two types of egg are laid by the ({uccn— fertilized T - 

develop into queens or workers, and unferUlUede:^ '^*OuecM'^e produced 
genetically (cp. p. 470) and alwa>'s produce ^nes. ^ 

by feeding the larvae from fertilized eggs with specially nch 
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cell. Shut up in this manner it spins an imperfect cocoon, 
within which, after two days, the pupa is clearly visible. 
About a week later this pupa casts its skin, and the young bee 
emerges. With the aid of its nurses it biles its way out of the 
cell, is cleaned and fed. In a few hours it is ready to take its 
full share in the work of the hive. At first, if a worker, it may 


clean the new nurseries; later it helps in the feeding of the 
young. Older still, it begins as a food-collector, at first gather- 
ing food from other bees as they come back from foraging 
expeditions (cp. p. 462) and storing it in special storage cells. 
Ultimately it goes out itself to collect nectar or pollen. 

There are countless other tasks to be performed: more cells 
to build, to serve as nurseries, for food-storage, &c. ; the hive to 
be kept clean and aired; all refuse, &c., removed; the colony 
protected from enemies, &c. Bees are not long-lived. In a 
few short weeks a worker dies, worn out by its ceaseless activity. 

V. THE SPIDER. INSTINCT VERSUS INTELLIGENCE. Whcnstudying 
ants and bees it is tempting to regard their activities as signs 
of real intelligence, to think of them as caring for their young 
in the manner of human nursemaids and teachers. But, when 
dealing with the lower animals, and especially with inverte- 
brates, we must beware of any such interpretation. This fact 
is well illustrated by the following stories, told by Fabre, a 
great French naturalist, of the Narbonne wolf-spider (Lycosa 
Narbonnensis). We have somewhat similar spiders (e.g. 
Lycosa soccata; L. picta of the sandy shore, &c.) in England, 
and the female animals of these species may often be seen 
dragging about a bag of eggs. 

Fabre watched the formation of this bag by the female, and 
the laying of the eggs in it. 


A soft white pill results, and she carries this pill, slung to her stem, 
until the eggs are hatched. ... It is a sight worth seeing, that of the 
LycoM dragging her treasure after her, never leaving it, night or day, 
sleeping or waking, and defending it with a courage that strikes the 
beholder with awe.’ (Fabre, The Spider.) 


Fabre recounts many experiments with these spiders. He 
removed this ‘living pill’, and gave in exchange: 

(a) A ‘pill* taken from another spider of the same species. 
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(6) A ‘pill* of different colour and texture from another 
species. 

(c) A cork ball. 

{d) A pellet of bright-red silk threads. 

He shows that the spider seemed quite unable to distinguish 
between the ‘pill’ containing her own offspring and any of the 
foreign bodies which he offered her. 


‘Let us penetrate yet deeper into the wallet-bearer’s stupidity.* 
[He threw her a cork ball in place of the ‘pill’, which he forcibly 
removed.] ‘Lovingly she embraces the ball . . . fastens it to her 
spinnerets, and thenceforth drags it after her as though she were 
dragging her own bag.* [He gave her the ‘choice’ between her own 
pill and a cork ball, placing both within reach.] ‘Will she be able to 
know the one that belongs to her ? , , . The fool is incapable of doing 
so. . , . She makes a wild rush, and seizes haphazard at one time her 
own property, at another my sham product.’ (Fabre, The Spider.) 


Post-natal care. This spider is not intelligent, yet she is a most 
untiring mother. Not only does she drag her heavy pill about, 
but, after the hatching, she carries her young on her back, 
until gradually they drop off and begin life for themselves. 
Here again her care seems to be quite unintelligent. She does 
not trouble about her babies. If they fall off she makes no 
attempt to rescue them. She allows them to be replaced by 
the offspring of another spider without protest. 


‘To speak here of mothcr-lovc were, I think, extravagant. The 
Lycosa’s affection for her offspring hardly surpasses that of the 
which is unacquainted with any tender feeling and neverth cm 
bestows the nicest and most delicate care upon its seeds. The anima , 
in many cases, knows no other sense of motherhood. What cares c 
Lycosa for her brood ? She accepts another’s m readily as her own; 
she is satisfied so long as her back is burdened with a swarming crow , 
whether it issue from her ovaries or elsewhere. There is no quesuon 
here of real maternal affection.* (Fabre, The Spider.) 


VI. THE EARTHWORM. This familiar creature, whose struc 
ture and way of life have already been described (cp. PP; > 50 “ 
5, 21 1, 229, 291), is not remarkable for any “hibiuon ol 
parental care, but because it is hermaphrodite (cp. p. 420J. 



IN EARTHWORMS 497 

Hydra and tapeworm (cp. p. 194), this animal possesses both 
male and female organs; their arrangement is shown, some- 
what diagrammatically, in Fig. 162 A, which represents a 
portion of a worm, opened to display them. 

The first stage in reproduction is the mutual exchange of 
sperms by two worms (cp. Fig. 162 B). These are passed into 
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Fro. 162. A. Sclents 9-15 of earihworm opened to show reproductive 
organs (diagranuuadc). B. Exchange of sperms between two worms (the 

numbers refer to segments) 


four special receptacles, tiny sacs (spcrmathecac) which open 
to the exterior. Here the sperms are stored until required. 
Later a substance is secreted by the clitcllum which gradually 
hardens into the egg-capsule (cp. Fig. 159 B). The worm now 
wngglcs out of this, depositing in it egg-cells from its own ovaries 
and sperms (of another worm) fi-om its spcrmathecac. Fcrtiliza- 
Uon follows in the capsule. Thus the worm, although herma- 
phrodite, is not self-fertilizing. 

Several embryos begin to develop, but one soon outstrips 
the Testy and only one young worm finally emerges fi-om each 


We may now turn fi'om these lowly creatures 
young are cared for among the higher animals. 


to see how the 
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REPRODUCTION AND PARENTAL CARE IN BIRDS. Every OIIC 

knows that most birds build nests, lay eggs, sit on those eggs 
to keep them warm (i.e. to incubate them), and feed and care 
for the nestlings for some time after they are fledged. The 
care of the young has reached a high level in this group. 

Exercise. Study for yourself the nesting habits of some of our 
common birds — e.g. sparrows, pigeons, rooks, blackbirds, starlings, 
thrushes, swallows, gulls, &c. 

Keep a careful written record of your observations. The following 
questions will help you in this task. 

1. When was the bird first observed? 

2. Did it appear to have a mate? 

3. When did you first see the nest? 

4. Where was it placed? 

5. Of what materials was it built? 

6. When did you first see eggs in it? (Approach very carefully, 
after this, or you may find the nest deserted on your next visit.) 

7. Do both parents sit on the eggs, or only one? 

8. Does one parent feed the other while sitting? 

9. Is the nest ever left, both parents being away simultaneously? 

10. On what date did the young birds appear? 

11. Describe the appearance of these nestlings. 

12. How arc they fed? 

13. On what date did they first fly? 

14. Did they ever return to the nest after that first flight? 

15. Did they resemble their parents in appearance? 

The development of a bird’s egg is, perhaps, most easily followed in 
the domestic fowl. If you have access to an incubator you can 
examine some stages of this development. 

EXAMINATION OP THE HEN*S EGO. 

Exercise. Carefully break a raw egg into a flat glass dish. 

Examine it, and notice; . 

1. The egg-ceU or yolk, enclosed in a transparent viteHme mem- 
brane. If we prick this, the yolk flow’s out. 

2. A small whitish speck on the yolk. This is the ernbryo chick. 
If the egg has been fertilized the egg-cell has already begun to 

divide. 
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3. The white, containing t\vo thicker cords, which serve to suspend 
the yolk so that the embryo always lies uppermost in the shell. 

4. The tough parchment-like double skin lining the shell. Notice 
that this is not in direct contact with the shell at all points. 
There is an air-space at the blunt end (cp. Fig. 163). 

5. The shell itself, which is porous and admits air. You will 
remember (cp. p. 358) that all creatures require air for growth. 

N.B, Eggs are often preserved by immersing them in a fluid (e.g. 
‘water-glass’) which renders the shell impervious. Can you explain 
why this helps to preserve the egg? 

FORMATION OF THE BIRD’s ECO AND GROWTH AND DEVELOP- 

SfENT OF THE EMBRYO. The reproductive organs of birds arc 
formed on the usual vertebrate plan, the essential parts being 
testis and vas deferens in the male, ovary and oviduct in the 
female. In most animals these organs are paired (cp. Figs, 
104, 162, 166). The female bird, however, has only one ovary 
and one oviduct, those of the left side, the structures of the 
right side being vestigial (cp. p. 471). This may be connected 
with the fact that theegg-cellsofbirdsarc tlic largest cells known. 

as it leaves the ovary, consists of a single large cell 
(the yolk), containing an abundant store of reserve food. The 
yolk of a hen’s egg, for example, is 34 per cent, fat, 16 per cent, 
protein. This cgg-cell has a single nucleus, surrounded by a 
little clear protoplasm, and it is this nucleus which is fertilized 
by a sperm. The white or albumen, which is chiefly a reservoir 
of water, the shell membranes, and finally the shell itself are 
all laid down, after fertilization, by the wall of the oviduct as 
riic cgg-ccll passes to the exterior (cp. p. 430). 

Fertilization takes place in the upper region of the oviduct, 
and the cgg-ccll begins at once to divide. These divisions do 
not involve the whole substance of the cell, but affect only 
the nucleus and the formative protoplasm round it. Hence 
toe early embryo consists of a small disk of cells, lying on 
inert yolk which supplies it \vito food. The first stag« of 
devcloprnem arc over before the egg is laid; at the moment 
of laying, the embryo of toe domestic fowl is already in the 
gastrula stage (cp. p. 389), and is usually about 5 mm in 
diameter. It appears as a white disk on the surface of the yolk! 
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Incubation of the egg. The egg, as we have seen, contains food 
and water, and is so constructed that the embryo can obtain 
a supply of air. Hence three of the conditions necessary for 
growth are satisfied. But birds are warm-blooded animals, and 
their eggs must be kept at a fairly high temperature if the 
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Fio. 163. Hen’s egg at the end of ninth day of incubation 


contained embryo is to develop. For this reason the bird sits 
on its eggs; only under these conditions will further develop- 
ment outside the body of the parent occur, and if the egg 
grows cold after incubation has begun the embryo is almost 
inevitably destroyed. 

Further growth of the embryo. Development of vertebrate characters. 
During the first day of incubation the gastrula becomes ^ 
layered embryo (cp. p. 390) ; soon the various organs— a dorsal, 
hollow nervous system, gut, heart and circulatory system, sense 
organs, &c.— begin to be formed. The heart starts 
during the second day of incubadon, vestigial gi s 1 
formed which never become funcdonal (cp. p. oxyge 

being obtained by diffusion through the shell. The stored 
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food provides the materials for growth and respiration, and 
the amount of yolk and white diminishes as the chick grows 
larger. By a system of foldings and intuckings the connexion 
between the embryo and the underlying yolk gradually 
becomes narrower. Later limb-buds appear which grow into 
wings and legs respectively (cp. Fig. 163); step by step the 
embryo develops into a fluffy chick. 

The escape of the chick from the egg. A hen’s egg must be in- 
cubated for 21 days; at the end of that time you may hear the 
chick ‘peeping* within its shell. By the aid of a sharp-pointed 
egg-tooth on its upper beak it breaks its shell and escapes. This 
tooth, having done its work, is soon discarded. 

Artificial incubation. On modern poultry farms the eggs arc 
often hatched out in incubators. These artificial ‘foster- 
mothers’, if well tended, give more certain results than the 
best of mothers, for the conditions can be more absolutely 
controlled. The temperature is more constant, and, by 
sprinkling water over the eggs daily, one of the chief causes 
of ‘infantile mortality* in the fowl world is averted, namely, 
water-shortage. The amount stored within the egg is ap- 
parently only just enough to meet the needs of the embryo, 
and if the loss by evaporation through the shell is too laj^e 
the chicks die in the last days of incubation. 

THE LIFE OP THE YOUNO CHICK, CONTINUED MATERNAL CARE. 

Soon after its escape the little chick will run about and pick 

up its own food. But it still stays by the mother. We all know 

her warning ‘cluck’; how she keeps her brood near her; how she 

chases them if they attempt to wander too far afield. Her care 

is greatly needed; for, although the chick comes into the world 

with many fully developed instincts, it still has much to learn 

(cp. p. 223). Experiments show that chickens reared in an 

incubator do not ‘instinctively* respond to their mother’s 

cluck, ^ey have to learn the meaning of the sound. They 

do not ‘instinctively’ recognize water, but though thirsty will 

walk through it without making any attempt to drink, until, 

by the aid of a moistened finger-up, or even by a chance peck 

at their own moist feet, they Icam its thirst-quenchinu 
properues. ® 




Fio. 1644 Two animals which carry their young in pouches. A. Surinam toad. B. Kangaroo, (pp. 505, 506) 
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Similarly, they do not at first know suitable from unsuitable 
food; some chicks, raised in an incubator, greedily swallowed 
‘worms’ of red worsted ! All this, and much more, the mother 
doubtless teaches them, and her desire to teach and their 
instinct to learn must save them from many disasters. 

PARENTAL CARE IN BIRDS. A SUMMARY. VVc may Summarize 
the care bestowed upon the young of birds under three heads: 

1. The purely physiological devices of stored food and water, 
protective membranes and shells, &c. ; we may find parallel 
devices even among plants (cp. p. 449). 

2. Nest-making, the incubation of the eggs, and the feeding 
of the young, the food given often being swallowed and partly 
digested by the parent bird before it is fed to the young 
nestling {cp. pp. 492, 494). 

3. The ability of the young to profit by parental training 
and to learn from experience. 


<l'^ality above all others must be inseparable from parenthood; 
ability to learn, anxiety to be taught. The parents to possess arc 
those who “die learning”.* (Mary Adams, Six Talks on Heredity.) 


It is in the ability to learn that animals show the greatest 
advance as we ascend in the scale (cp. p. 217). Experiments 
have proved that bees, ants, even spiders can learn to some 
extent; but they do so with difficulty and the lessons are soon 
forgotten. Their life is guided almost entirely by instinct. The 
higher animals, e.g. birds, have these instincts too, but they 
have more intelligence. But the intelligence even of birds 
must not be over-estimated. Many of their most specialized 
activitiM, migration for example, seem to be almost entirely 
imtinctive. A cuckoo which has never seen its parents and 
has been reared in England by non-migratory foster-parents 
hardly have any picture of Africa or any reasoned purpose 

we P- 397 )- What are 

we to think of the intelligence of a pair of meadow-pipits 
who continue to feed an infant cuckoo after he has killed their 
children by turning them out of the nest? Or of the 
mentabty of a hen who is deceived by a chalk egg? Such facta 
show us how limited is a bird’s intelligence. 
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embryo. The embryo U no. attached to the parent oigaiusm, but he. 

currounded by food mpplied by the parent 
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The sight of a pigeon brooding on an empty nest, while her two 
eggs lie unregarded only a couple of inches away, is enough to show 
that along certain lines, birds may find it impossible to get free from 
the trammels of instinct.* {Outlim of ScUnce.) 

A STILL MORE EFFICIENT METHOD OP PROTEGTINO THE DE- 
VELOPiNO EMBRYO. Howcvcr carcful a parent bird may be, 
however brave in the defence of her nest, the eggs are not 
easily protected, for they cannot be moved quickly when 
danger threatens. Probably you have at some time collected 
birds* eggs ; you would have found it far more difiicult to catch 
the live birds. Eggs are very vulnerable. The embryos would 
obviously be better protected if they were attached to the 
mother, so that she might take them with her wherever she 
goes, as docs the Lycosa wolf-spider (cp. p. 495). We find many 

devices in animals by which the eggs can be permanently 
attached. 

Brood-pouches. Sometimes they arc carried in special brood- 
pouches, which are a part of the body of the parent. The 
little Cyclops, for example, so common in every freshwater 
aquarium, has tiny egg-bags, within which the eggs arc 
carried until they hatch. She cannot drop her eggs as docs 
the spider, for the brood-pouches arc a part of her body. 
Among sea-horses the father has the pouch, and he puts his 
wife s eggs into this ‘breast-pocket*, carrying them about in 
security until they arc hatched. In the Surinam toad the male 
helps to press the eggs, directly they are laid, on to the back of 
the female, where each sinks into a little pocket in the skin, to 
remain there all through its early development (cp. Fig. 164 A). 

The emperor penguin, the largest of the penguins, also has 
a pouch m which the egg is placed. 

in thi, r<^oa.‘ (G. Mu^y” "f feather. 

Many ,uch example, could be given. Best known of aU are 
the brood-pouche, of certain very primitive m^aj 
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marsupials or pouched mammalsy of which the kangaroo is a well- 
known example. It is not an egg, however, but a tiny, 
undeveloped embryo kangaroo, helpless, unformed, and barely 
an inch long, which is first placed in the pouch; it is put there 
immediately after birth by its mother. Too undeveloped to 
suck, milk is forced down its throat by contraction of a muscle 
attached to the mother’s milk gland, and the tiny creature 
remains in the pouch {marsupium) until it is far enough 
advanced to lead an independent life (cp. Fig. 164 B). 

Retention of the egg within the oviduct. The most efficient of all 
mechanisms for the protection of the young is the retention of 
the embryo within the mother’s body during the earliest and 
most precarious stages of its existence. This is what happens 
in the flowering plant (cp. Fig. 165). We find this same method 
of protection in some quite lowly animals, for example, among 
greenfly. During summer these give forth minute living green- 
fly at the rate of two or three a day; they are produced from 
egg-cells which develop internally and without fertilization 
(parthenogenetically), the little creatures being bom alive. 
The viviparous pond-snail is another familiar creature which 
produces living young instead of depositing eggs in the form 
of spawn. Vivipary^ or the birth of live young, is seen in many 
vertebrates, c.g. many sharks, snakes, &c. In such cases what 
usually happens is that a large yolk-laden egg passes so slowly 
through the oviduct that the embryo develops there to the 
point of hatching, and the young creature leaves the oviduct 
‘alive’. 

REPRODUCTION OF THE MAMMAL. It is among mammals th^ 
we find this form of parental care most highly developed 
(cp. Fig. 165). The young arc kept for a long time before 
birth within the shelter of the mother’s body, where they arc 
fed and protected until they arc ready to be bom, i.c. to begin 
their independent existence. 

UTERUS AND PLACENTA. The cgg-cclls of mammals arc very 
small; that of a rabbit, for example, is i/ioo of an me m 
diameter at the time of fertilization, the human egg-cell ei g 

about 3/100 of an inch across. No food is stored in this egg, or 

not only does the embryo develop internally, so that it is warm 



IN CERTAIN VERTEBRATES 507 

and well protected, but it also obtains its nourishment from the 
mother. For this purpose, while still in the blasiula stage (cp. 
p. 389), the embryo, as it passes down the oviduct, becomes 
attached to a specialized and enlarged portion of that duct, 
called the uterus or womb. A special organ, the placenta^ is 
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Fio. 166. The urinogcmtal organa of the rabbit. A, male; B, female 

foiroed at the point of attachment (cp. Figs. 165 and 167). 
Ihis placenta consists partly of maternal tissue, partly of a 
speaal outgrowth from the embryo, called the allantois. A 

in embryo birds, &c., where it is 

of t^.e mo^er flows through Ste Ma aTdo^ ^ 
of the embryo. The two circulations are only separated bv 
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excreted by the foetus, as the young animal is now called, are 
removed in the same way. 

Warm, well protected, and well nourished, the young 



Fio. 167. Uterus cut open to show the rabbit 

embryo b^ore birth 


creature develops continuously until the time comes for it to 

be born. , 

POST-NATAL CARE. After birth the infants are cleaned ana 

cared for by their parents, and fed on milk produced by the 
mammary glands. This inilk (cp. p. 55) is specially adaptc 

to the needs of the young animal. 

Passing from the lower to the higher mammals, we find that 
the period of infancy becomes propordonately longer; this 
gives opportunity for the training and education of the young, 
and it is also in such forms that we see parental care at its 
best and highest. Father-love comes to supplement “oth^- 
love, and the young creature is well trained and wcU cquippca 

before it is left to face life alone. 
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REPRODUCTION AND REPRODUCTIVE ORGANS IN THE RABBIT. 

The rabbit ia a typical mammal; let us examine its reproduc- 
tive organs. 


Examine and draw a dissection of a rabbit which displays the 
female reproductive organs. Notice the two small ovaries, and the 
two oviducts. The lower part of each oviduct is somewhat enlarged; 
this is the uterus or womb, within which the young animals develop. 
In the rabbit there are two such organs; many mamma l'^ have only 
one (cp. Figs. 165 A, 166 B). 

Examine similarly a dissection displaying the male reproductive 
organs. Notice the paired testes in the scrotal sacs, the two narrow 
casa de/ertniidy and the penis where they open (cp. Fig. 166). 


THE LIFE OF THE FOETUS. The cgg-ccU of the rabbit is very 
small, but the sperm, which consists of a head and a motile 
tail, is even more minute. The developing embryo soon be- 
romes attached to the wall of the uterus, where it remains for 
from thirty to thirty-two days (the period of gestation), grow- 
ing all the time, until, when it is bom, it has become a small, 
fully developed but still very helpless, baby rabbit. 

THE LIFE OF THE ADULT RABBIT. Rabbits, which OCCUr wild 

on both sides of the Mediterranean, are believed to be not 
truly British, but to have been introduced, possibly from Spain, 
and probably in early Norman times. 


How rapidly these creatures will invade any favourable area is 

Sril n ”, '"'“-‘“O'™ «o^ of ,h=ir spread in Aus.Alia 

i nl" ” ^ ‘"‘'■“'‘ooed, but they ,oon became 

Ute^om bark of tree., and, of courae, 

tne CTops of the unfortunate settlers. During the ‘slumo’ of loon-oo 

much land painfully reclaimed by man from the wild'^was i^v^^ 

Md TOmpleiely overrun by rabbits, and this in spite of their whoW 

SlSi^r rab^s^f “ 4 averatTf r: 

rabbits had first been introduced into^ ^ 7 
.kins were being exponSt^^ 

caused was so great that the colonist had to Id^nt 

to combat this plague, ®aopt special measures 
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Fio. i68. Race* of the rabbit (from Romanes) 
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Rabbits are about i6| inches long when full-g^o^vn, and 
weigh between 2^ and 3 lb. They can run at great speed, can 
swim and climb. They are gregarious in their habits, preferring 
sandy soils, especially those covered with gorse or heather. 
They burrow into the soil (unless this is too wet, when they 
make runs among the vegetation), the burrows having two 
entrances. They penetrate the ground in all directions, form- 
ing the well-known rabbit warren. The inhabitants of this 
warren arc said to warn each other of approaching danger by 
thumping on the ground with their heeh. If one puts one’s 
ear to the ground it is sometimes possible to hear the vibrations 
so produced. 


PARENTAL CARE BY THE MOTHER RABBIT. Thc yOUng RTC bom 

and nursed in a special excavation to which there is only one 
approach. This is prepared by the mother, and in it she forms 
a soft nest of grass and her own fur. When born these infants 
arc naked, blind, and helpless. Thc mother (doe) soon begins 
to leave them alone by day, closing up the entrance to thc 
nest with earth; she returns at evening to suckle them. They 
soon become self-reliant and can get their own food. Even 
when very young these animab have an excellent sense of 
locality. They never seem to lose their way, but always keep 
an eye on the entrance to thc burrow, and are ready to beat 
a hasty retreat if danger threatens. At six months they are 
mature and may become parents in their turn. Four or five 
htters may be produced each year, and as there arc from ^ to 
young m each litter, it is not surprising that, when conditions 
are favourable, rabbits increase at an amazing rate 

'u ^ used 

for food, but the rabbit-fur industry is a very valuable onV 

have (some 3,000 varieties are known) 

are of '"hich about tJ 2 i 

arc held T Six great auctions of rabbit skins 

200,000,000 skin, arc sof^^UnLlaWng 

important market for this trade. ® Become the most 
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QUESTIONS ON CHAPTER XXXVI 

1. Describe any personal observations you have made in connexion 
with the development of a butterfly (or a moth) from the laying of 
the eggs to the emergence of the perfect insect. (L.G.S.) 

2. Give an account of the changes that take place during meta- 
morphosis in the butterfly and the frog, and show how the changes 
are associated with the changes in the method of locomotion and 
of obtaining food. (L.G.S.) 

3. Describe the tadpole of the frog, and give an account of the 
phenomenon of metamorphosis. What deductions may be drawn 
from this life-history as to the evolution of vertebrates? (L.G.S.) (Cp. 
Chapter XXXVII.) 

4. Give a short illustrated account of the development of the frog 
from the ^g-cell, and briefly compare this development with that 
of the chicken within the ^g. V^at are the greatest differences 
between the two methods of development? Discuss how these are 
related to the different environments in which the young animal s 
develop. 

5. Write a short illustrated account of the life of any social insect 
you have studied, and show how the insect community cares for its 
immature young. 

6. Give an accotmt of the external features and mode of life of 


any bird with which you are acquainted. 

7. Write a short essay on parental care as exhibited by (a) any two 
named plants, (A) any two vertebrate animals. 

8. Describe in general terms the development of a flowering plant, 
from the fertilization of the ^g-ccU to the establishment of the self- 
supporting seedling. Briefly compare this development \rith that of 
the young mammal, explaining how the latter is nourished 


before and after birth. ^ j • i, •», 

9. Compare the development of the ovule into the seed ^ 

development of the newly laid hen’s egg into an egg at the en o 
incubation. What similarity is there between the two proc^es? 

10. Write a short essay on Reproduction, giving illustraUons from 
both animal and vegetable kingdoms. (L.G.S.) 

11. What are the essential features of reproduction? . 

answer from any animal types with which you are acquaint^, 

12. In nature one generation succeeds another; . 

both plants and animals provision is made for the success 


generation. (L.G.S.) 
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CHAPTER XXXVII 

EVOLUTION AND HEREDITY. BIOLOGY 
IN THE SERVICE OF MAN 

*In Daturc^s infinite book of secrecy a little I can read/ 

The theory of evolution. One of the most fertile concepts 
that biologists have given to the world is the idea of evolution. 

*It is a master-key that opens many doors. It is a luminous 
interpretation of the world, throwing the light of the past upon the 
present. Everything is seen to be an antiquity with a history behind 
it— a natural history, which enables us to understand in some measure 
how it has come to be as it is.* (J. Arthur Thompson, Outliiia of Science^ 

The idea is no new one. We find it expressed by some of 
the Greek philosophers, and by many thinkers since that time. 
What do we mean by it? Simply that living organisms when 
they first appeared on the earth were not like those of to-day. 
Living creatures have gone through a long process of becoming, 
of change (evolution), since they were first formed. 

We generally picture evolution as a process by which 
organisms become increasingly well adapted to their condi- 
tions (cp. p. 272), and which enables them to adjust themselves 
to a changing environment. One result of the process, for 
example, has been that plants and animals which once liv^ in 
water gave rise, in the course of time, to descendants able to 
live on dry land. There b much evidence (e.g. the vestigial 
gills formed in the embryos of all vertebrates (cp. p. 500), the 
motile male cell formed in the pollen tube of some primitive 
seed-plants (cp. p. 447) ) that the land-inhabiting creatures of 
to-day come from forebears who lived in water (cp. p. 326). 
Evolutionary changes generally involve a progressive advance 
in structure ; life creeps slowly upwards; it becomes fuller, fitter, 
and more free. Leaves become better assimilating organs! 
^Is better adapted for absorbing oxygen from water, brains 
better organs for co-ordination and control. We have seen 
how much more efficient as oxygen-absorbers arc the lungs of 

a 
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a mammal than those of a frog (cp. p. 295) ; how the brain of 
the mammal makes it capable of a much fuller life than is 
possible to the frog with its inferior brain (cp. p. 217). In 
evolutionary language the mammal is a ‘higher* animal than 
the frog, it has advanced farther along the path of progress. 

We must not, however, lose sight of the fact that the move- 
ment is not always upwards. The advance has been chequered. 
Some creatures remain primitive, e.g. the many unicellular 
organisms; others, as the fossil records show, reach a certain 
level and then go on unchanged through countless ages; still 
others slip backwards and become degenerate. This is well 
seen in those flowering plants which return to the water 
(cp. p. 272). Root, conducting system, stomatal apparatus, all 
tend to disappear. Parasites often show extreme adaptation 
to their mode of life. Dodder, for example (cp. p. 192), is a 
flowering plant, yet it possesses no chlorophyll, vestigial leaves, 
and only a transitory root which does not outlast the seedling 
stage. It has apparently lost these organs in the course of 
evolution. 

THE COMINO OF EVOLUTION. Although the idea of evolution 
has occurred again and again in the thought of the world, 
only in the second half of the nineteenth century did it gain 
popular acceptance. It was applied first to explain the origin 
of the solar system and of our world, one of the smaller planets 
of that system. Next Darwin and others applied it to animals, 
including man, and in his great book On the Origin of Species by 
Natural Selection, published in 1859, Darwin marshalled such 
conclusive evidence that animals and plants undergo evolution, 
that the idea gradually found favour, and the date 1859 maria 
an epoch in the history of modern thought. The theory^ is 
accepted in its broader features by pracucally every biologist, 
for nothing else gives such a reasonable explanation of the faett 
which biology reveals. Evidence in support of the theory is sUll 
being accumulated. Further, the idea has not only revolution- 
ized man’s conception of himself and his place m the umverse, 
but it has illuminated many other fields of thought. We speak, 
for example, of the evolution of civilization, of language, ol 
custom, of democratic ideals, of moral ideas, even of religion. 
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'This realisation of ourselves as we truly are — emerging with 
difficulty from an animal origin, tinctured through and through with 
the self-regarding tendencies and habits it has imprinted on us, this 
realisation or seif-knowicdge is humility, the only soil in which the 
spiritual life can germinate.’ 

Such a sentence, taken not from a text-book of biology, but 
from E. Underhill’s The Life of the Spirit in the Life of To-day^ 
shows clearly how thoroughly this biological concept of 
evolution has permeated even religious thought. What is the 
evidence on which this theory rests? 


EVIDENCES OF EVOLUTION 

1. FOSSIL EVIDENCE. Pcrhaps the most convincing of all the 
evidence for evolution is that derived from fossils. If we 
examine the earth’s crust we find in it the fossilized remains 
of many plants and animals. Most of these are unlike any 
creatures which exist to-day, and, moreover, the farther back 
wc go and the older the rocks we examine, the less like modem 
organisms do the fossils become. 

The coal-measures, for example, contain the remains of 
many plants, but these were giant ferns, club-mosses, horse- 
tails, and seed-plants of a very primitive kind, while in the 
forests of that far-off carboniferous age no fossil of any vertc» 
brate higher than an amphibian occurs. 

These were succeeded by the great reptiles whose skeletons 
ur familiar objects in every natural-history museum. 

With them came a new flora, containing many primitive seed- 
plants (cp. Gymnosperms). True flowering plants (Aneio- 
spenns) had still not arrived. 

What can be more eloquent than this general fact that the 
older the rocks, the lower in the scale are the creatures con- 
tmned therein? MammaU and birds appear only in compara- 
tivcly recent strata, while on the plant side flowering plante are 
Ac last to appear. FurUicrmorc, among such fossilized remains 

transitional types, flying rcptUcs 
(pterodactyls), for example, and rcptilc-like birds ^ 
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Arcneopteryx, whose remains were found in Bavaria, was 
a creature with teeth in both jaws (no modern bird has teeth), 
with a long reptilian tail, with a wing only partially developed 
as a flying-organ, a wing still provided with a thumb and two 
fingers, all clawed (cp. Fig. 133). Yet it had feathers, and was 
undeniably a bird. 

Many other curious creatures have been unearthed, and 
they all tell the same tale. We are driven by such evidence 
to believe that we ourselves and the creatures known to us, 
both plant and animal, have evolved from some of those 
far-olf forms by a process of more or less gradual change and 
differentiation. 

When considering this argument it is well to remember that 
we are continually witnessing the development of new types 
ofculuvated plants and domestic animals. Dogs, sheep, cattle, 
fowls, pigeons, wheat, roses, apples, &c., have all been pur- 
posely developed by man from very different ancestors. 

n. EVIDENCE FROM CLASSIFICATION. The likenesses between 
living things, the fact that they can be arranged in groups, 
each with its own fundamental plan, can also be explained if 
we believe in evolution. 

We have seen that underlying the great diversity of flower- 
ing plants lies the same general plan (cp. p. 19), that in all 
vertebrate animals the skeleton, digestive organs, the nervous, 
excretory, and reproductive systems, arc fundamentally alike 
(cp. pp. 161, 216, 332, 403). These likenesses arc easily 
understood if we hold the view that, could we but trace the 
generations back into the distant past, we should find that each 
such group was descended from the same ancestral stock. 

m. EMBRYOLOGICAL EVIDENCE is also Very strong. A chick 
within its egg-shell, a mammalian foetus in the womb, develop 
functionlcss and reduced (vestigial) gills (cp. p. 500). Why is 
a frog first a fish-like form with fins and a tail, before it is a tail- 
less, lung-breathing adult with pentadactyl limbs? Is it not 
because it is recapitulating, to some extent, the story of its race? 
Arc we not driven to believe that it is descended from ancestors 
which were in many respects like fishes; in short, to believe 
that the frog is the result of a process of evolution? And will 



EVOLUTION 517 

not the same argument account for the vestigial gills in the 
embryos of birds and mammals, &c.? 

IV. VESTIGIAL STRUCTURES also occur in the mature organism 
and tell the same tale. Man has a vestigial appendix and a 
vestigial tail (cp. Figs. 42, 127). The horse walks on one toe only, 
but has two additional vestigial toes, and fossilized remains of 
6ve-tocd horses have been found. Whalebone whales have 
two sets of teeth, which never even cut the gum. The fowl has 
a vestigial second ovary (cp. p. 499). The ostrich, a aightlcss 
bird, has small and useless wings. Vestigial leaves are found 
on a potato tuber (cp. Fig. 118) and on the dodder and 
broomrape stems (cp. Fig. 49), very reduced conducting tissues 
in many aquatic flowering plants (cp. p. 272). Countless 
examples of such vestiges are knovm. In man at least seventy 
have been described. Vestigial organs are generally useless 
and may be troublesome. Caecum and appendix arc useful to 
a rabbit (cp. p. 174), but the appendix is a common source of 
disease in man. Is there any more rational explanation of such 
useless vestiges than that which the theory of evoluUon offers^ 

V. HOMOLOGOUS ORGANS tcU the Same ulc. The limbs of aU 
vertebrates above the fishes are formed on the same plan 
although used for many different purposes. Underlying a 
man s hand a bat’s wing, a horse’s foreleg, and a whale’s 
paddle IS a bony skeleton which is strikingly similar in them 
aU, the same bones and the same muscles, but used for very 
^verse ends If crated specifically for these ends, one would 
not expect this similarity. It is accounted for if we accept the 
theory that they arc aU modifications of the same anc«tral 
organ-the so-called pentadactyl limb (cp. Fig. 13,); th^ 
modifications having arisen in the coui.e of evLtion/as Se 
limbs were made to serve different purposes. 

-TO facts OP DBTRiBunoN Support the same view For 
example, when AustraUa was discovered by white men ther^ 
were no placental mammaU except a low ra^e^of 
dogs, and a few bats. But it was verv rich 



5*8 REPRODUCTION 

All this evidence, taken together, each fact reinforcing all 
the others, is fairly conclusive. Let us summarize it: 

i. There is the fossil evidence, i.e. the evidence from history. 

ii. The evidence from classification. 


ill. 

• 

>> 


embryology. 

IV. 


iy 

vestigial organs. 

V. 


yy 

homologous organs. 

vi. 


>y 

geographical distribution. 


We must, however, beware of that error, so common before 
the days of science (cp. p. 1 1), of mistaking theories for facts. 
As scientists, we must continually test and criticize the evidence 
on which any theory is based, and try to remember that it is 
only a theory, and may at any time, as new facts become 
known, be replaced by a more comprehensive one. Science 
itself must evolve. For example, we do not yet know with any 
certainty exactly how evolution is brought about, or what are 
the forces underlying it, though Darwin, Lamarck, and others 
have put forward very suggestive hypotheses. The theories oi 
a hundred years hence are bound to be different from those 
of to-day. Yet, in so far as our work has been truly done, they 
will be built on to-day’s theories, to-morrow compledng what 
to-day has begun. 


SCIENCE IN THE SERVICE OF MAN 

SCIENCE AND CIVILIZATION. In thc first chapter of this book 
we saw that science owed its origin partly to a change in man s 
attitude towards knowledge. ‘This our human experience in 
its humbling imperfection,* , . , ‘Our inevitably limited way 
of laying hold of thc stuff of existence’ — these phrases from 
a recent book illustrate thc terms in which the best modern 
minds are thinking. When man became conscious of thc in- 
adequacy of his knowledge he was filled with a desire to add 

to the common store. 

Out of this new spirit of inquiry have sprung all the most 
distinctive features of European civilization. The inspiration 
of the modern world is derived from three main soinccs: from 
Hebraism, which gave us our religion; from Hellenism, which 
gave us our distinctive culture; and from modem science. 
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which has given us our freedom of thought and our material 
well-being. 

SCIENCE AND MATERIAL PROGRESS. Wc all realize to some ex- 
tent how much of our material progress wc owe to the physical 
sciences; c.g. all our modern facilities for communication 
(trains, steamships, aeroplanes, telephones, wireless telegraphy, 
&c.), and all tliose labour-saving machines which have so 
enormously increased production. We often forget how rapidly 
these new developments have overtaken us. Puffing Billy first 
hauled coal in 1813, and the Liverpool and Manchester rail- 
way was opened in 1830. In 1833 the Royal William crossed 
the Atlantic for the first time under its own steam, and the 
first telegraph messages between England and America went 
through in 1858. The whole development of our modern 
machine-made world has taken little more than a century, 

BIOLOGY AND MATERIAL PROGRESS. THE CONTROL OF DISEASE. 

The achievements of biology, though less spectacular, have 
been equally important. Consider, for example, the advance 
in medicine, and try to visualize the tremendous effects of our 
modern understanding and control of disease. During the 
Middle Ages, even in times when no great epidemic was 
raging, only one English baby in four survived its earliest 

1 % i_ recent figures giving infant 

mortality rates. In England, during recent years, the infant 
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malaria, and diphtheria are 
among a few of the maladies which we are now getUng under 

began with the biological work of Pasteur (cp. p. 434), and 
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more knowledge is continually being gained. When the first 
attempts were made to construct the Panama canal, the 
mortality among the workmen (from malaria, yellow fever, 
&c.) was so terrible that the attempts had to be abandoned. 
Then came the discovery of the malarial parasite and of the 
part played by mosquitoes in its spread (cp. p. 313). This 
knowledge taught us how to combat malaria, and to-day, 
according to an American authority, ‘the canal zone has a 
lower death-rate than New York City*. 

Over vast areas of the tropics the death-rate from the hook- 
worm disease alone has been reduced from 25 per cent, of the 
population to less than 2 per cent. Vaccination, preventive 
inoculation, injection of an antitoxin, &c., are all modem 
methods of combating disease where medical men owe a great 
deal to discoveries in pure biology. 

THE REFORM OP SURGERY DUE TO BIOLOGICAL DISCOVERY. It 

was Lister (1827-1912), stimulated by the discoveries of 
Pasteur, who initiated one of the greatest reforms in modem 
surgery. ‘Most hospital surgeons*, wrote Sir James Simpson in 
1869, ‘remain content with losing one-third to one-half of fl// 
their amputation cases, and nine-tenths of some.* In 1870, 
during the Franco-Prussian war, of 13**73 amputations of all 
kinds, including many quite minor ones of fingers or toes, 
which had to be carried out by French surgeons on the field, 
10,006 proved fatal. This was due in most cases, not to the 
amputation itself, but to the after effects, and chiefly to infec- 
tion of the wound by bacteria. Think of the difference between 
these results and the great surgical feats performed during the 

Great War (1914-18). . . j u- 

Lister attacked this subject of wound infection, ana ms 
introduction of antiseptic methods, to be followed later by 
modern aseptic ones, so reduced the mortality from operaUom 
that the death-rate in a modern surgical ward, even after ab- 
dominal operations, some of which arc very severe and arc only 
undertaken as a last resort, is never more than i -5 per cent 

Pasteur, Lister, Morton (who made the ^t succ^M 
extraction of a tooth under ether in 1846), and Simpson (who 
discovered the anaesthetic effects of chloroform m 1847) were 
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probably the four men who did most to relieve the suffering both 
of human beings and of animals during the nineteenth century. 

THE IMPROVEMENT OP CULTIVATED PLANTS AND DOMESTICATED 
ANIMALS. We may mention still another field in which bio- 
logical discoveries have led to great advances. By carefully 
breeding only from our best stocks, and by applying to culti- 
vated plants and domestic animals our increasing knowledge 
of the laws of heredity (cp. p. 436), these plants and animals 
have been greatly improved. Modern cows give, on the 
average, at least 10 per cent, more milk than they did at the 
beginning of the century. Work on wheat carried out in 
Cambridge (breeding wheats which give good yields and 
arc resistant to disease) has added hundreds of thousands of 
pounds yearly to the wealth of this country. A new wheat 
recently introduced into the Central Provinces of India, bred 
to suit the conditions there, is expected to increase the value 
of the crop in that district alone by ;C7»000i000 a year. Another 
new vanety of wheat, which is being distributed by the Ohio 
gover^ent plant-brceding station, yields on the average two 
bushels more per acre than the types grown there hitherto. 
As in that State there are over two million acres devoted to 
whcat-grmving, the gain, as you see, will be considerable. 
Many other examples could be given; although the size of the 
world remains fixed, biological science is teaching us how to 
make it yield more and ever more food. PracUcally aU our 
farm ammals and agricultural crops have been studied and 
improved dunng ^e present century, while the beauty of our 


BIOLOGY AS AN INSTRUMENT OE CULTURE. Wc knoW that 
biology has done more for us than increase our material well^ 
being In giving us the idea of evolution (cp. p. 514) it has 
transformed our thought, and this has had L-reacLg ekete 


As biological knowledge 
understanding of its laws we 
saner, and happier race. 


spreads and people gain a better 
may certainly hope for a healthier. 
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But even this is not all. The hope that man may gradually 
accumulate knowledge which will help him, to some small 
extent, to guide his own evolution and so to control his destiny, 
is one of the most stimulating ideals which has been suggested 
to the modern world, and this idea emanates from the study 
of biology. 

‘Biology*, said S. W. Morley Fletcher in a recent broadcast talk. 
IS now mature enough to give man definite counsel in many directions, 
not to replace, but to supplement the older controls of an ethical, 
traditional and religious character. Biology can advise as to habit- 
forming, diet, environment, sleep, play, and the whole question of 
population. When its advice is widely asked and taken a new era 
will have dawned.* 

BIOLOGY IN THE FUTURE. Thc abovc words embody the con- 
sidered opinion of most modern biologists; as the nineteenth 
century was the age of physical science, so we must make of 
the twentieth an age of biological science. The problem is 
embodied in those words ‘the whole question of population*. 
What is the use of improving man*s natural environment unless 
at the same time you can ‘improve* man himself? The Great 
War brought this fundamental lesson home to all of us. 
‘Science’, it has recently been said, ‘is a social activity whose 
object is to make man master of his destiny on earth.* His 
whole destiny, and not Just his material environment. 

‘What do you think endures? 

‘Do you think a great city endures? 

‘Or a teeming manufacturing state? Or a prepared constitution? 
Or the best built steamships? 

‘Or hotels of granite and iron ? Or any chef-d’oeuvres of engineering 
— forts, armaments? 

‘Away! these are not to be cherished for themselves. 

‘A great city is that which has the greatest men and women. If it 
be but a few ragged huts it is still thc greatest city in thc whole 
vv-orld.’ (Walt Whitman.) 

How are we to get those ‘greatest men and women’? That 
is the problem before humanity. The task is, of course, ex- 
tremely complex; spiritual values, even intellectual values, are 
not as easy to measure as arc thc disease-resisting properties 
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of wheat or the fleetness of race-horses. But even in this great 
task biology can give us some guidance. It is becoming more 
and more evident that man, like the rest of the living creation, 
is subject to the laws of heredity. Now, if we want a disease- 
resisting wheat or an intelligent sheep-dog, we breed them, and 
know that we cannot get them in any other way. We should 
not attempt to get them by manuring, watering, and generally 
tending a wild grass, or by well feeding and carefully training 
any mongrel dog. The result would be too uncertain, the 
chances of success much too remote. The study of heredity 
in man teaches us the same lesson. There arc families in which 
some special ability is inherited from generation to generation 
(e.g. the Bach and Mendelssohn families, the Darwins, Cecils, 
&c.). On the other hand, there are many pedigrees which 
show the handing on of some defect. 


Of course, human relationships arc very complex, and it is 
difficult to know how much to attribute to environment and 
how much to heredity. But man has hardly begun to consider 
this, the biological point of view, whether in his own individual 
life or in his social activities. It is difficult to estimate how 
far-reaching would be the effects if we all became ‘cugenically 
minded , eugenics having been defined as ‘the science of being 
weU born . One fact is obvious— that the future depends on 
us, each one of us. However long the present species of man- 
bnd conunucs to exist on this planet, those men and women 
of the far-disunt future will be the descendants of some of 
ffiosc aUve to-day. If we have been fortunate enough to inherit 
from a good anccs^, we can sec that we pass on that in- 

maTlT descended from a stock with a 

arked hereditary defect, such as insanity, epilepsy, mental 

deficiency may wcU ask themselves if they have ffic richt to 
hand on their strain to the future. ® 


We scatter seeds with careless hand 

dream we neVr shall see them more. 
Hut for a thousand years 
Their fruit appears 
In weeds that mar the land 
Or healthful store. 


a Keblc.) 
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As citizens, too, it is surely our duty to examine all our social 
legislation, making sure that it does not favour the less gifted, 
less able, and less energetic members of the community so 
much that it discourages reproduedon of the more richly 
endowed types, as some recent legislation has tended to do. 
It is obviously very dangerous for a nation to breed chiefly 
from its poorer stocks. While we must do our best for all our 
fellow men, we dare not sacrifice the future for the present. 
Until we have more knowledge, however, we cannot lay down 
any definite laws; the most that we can do, at present, is to set 
our faces in the right direction. Obviously we should value 
descent from a really good sound stock as an inheritance above 
price. 

If your course in biology has interested you in these wider 
problems confronting humanity your work will not have been 
in vain. 
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APPENDIX I 

SCIENTIFIC NOMENCLATURE AND THE CLASSIFI- 
CATION OF LIVING ORGANISMS 

In this book the common or ‘popular’ names of plants and animals 
have been used, where such exist, to facilitate a first reading. They 
are, however, unsatisfactory for further study. Similar names arc 
given to forms which have only a superficial resemblance; e.g. the 
English bluebell (Scilla nutans) is a monocotyledon, the Scotch bluebell 
or harebell (Campanula rotundifolia) a joined-pctallcd dicotyledon 
(cp. p. 347). Further, the same form may have many different names; 
e.g. wild arumy cuckoopint, lords and ladies, jack-in~the-pulpit, calvesfoot, 
wakepintle, wake robin, starchwort, aaron, are all local names in common 
use in difierent parts of England for the same hedgerow plant (Arum 
maculatum). 

All confusion is avoided by the use of scientific names, which are 
the same in every language. The system of nomenclature now in use 
was introduced by Linnaeus (1707-78), a Swedish naturalist. Every 
organism receives a double name, one denoting the wider group or 
genus to which it belongs, the other the particular species, e.g. Mucor 
mucedo (the bread mould), Rana temporaria (the common frog). Homo 
sapiens (modern man). Organisms belonging to the same genus re- 
semble one another closely in structure, e.g.: 


Ranunculus acris • Meadow buttercup 

(cp. p. 450) 

Ranunculus repens . Creeping buttercup 
Ranunculus bulbosus . Bulbous buttercup 
Ranunculus Jicaria . Lesser celandine 
Ranunculus aquatilis , Water-crowfoot 

(cp. p. 277) 


Felis domesticus Common 

cat 

Felis leo . • Lion 

Felis tigris . Tiger 
Felis parduus . Leopard 
Felis onca . Jaguar 


In both groups the structural resemblances are very obvious. 

It is found that broader similarities exist even between genera; a 
group of related genera forms & family', e.g. Leguminosae (cp. pp. 457 
and 462), Compositae (cp. p. 466). Families fall nawraUy into 
orders, orders into classes, and classes mio phyla, as indicated on p. 527* 
Those who believe in evolution hold that such similariUes of structure 

indicate a common ancestry (cp. p. 516): 
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Kingdom 

1 Phylum \ 

t - 

C/oji 

Or<Ur 

Family 

Genus 

Species 

Animal 

Vertebra la 

Mammalia 

Rodentia 

Leporidae 

’Lepus 

1 

L. cunl- 

Animal 

Arthropoda 
(cp. p. iss) 

Insecta 
(cp. p. jgi) 

Lepidoptera 
(cp. p. 460) 

Pieridae 

Pieria 

cuius 

P. bras- 
fiicae 

Plant 

Thallopbyta 

Algae 
(cp, p. 83) 

Phaeophyceae 
(brown Algae) 

Fucaceae 

Fucu$ 

F. vesicu* 
losus 

Plant 

Sperrnaphyu 
(cp. p. ic) 

Angioapermae 

Dicotylcdonae 
(cp. p. 347) 

Rosaceae 

Rosa 

R. canina 


APPENDIX 11 

WELL-KNOWN HABITATS AND SOME OF THE COM- 
MONLY OCCURRING PLANTS AND ANIMALS UVING 

THERE 

A. A hedge. This is planted by man to protect his fields, and con- 
sists of woody shrubs, often prickly ones (cp. p. 378) such as black- 
thorn, ha>vthom, holly. The ground beneath is left undisturbed, and 
the hedge, once formed, soon becomes the home of many plants and 
animals for whom it provides shelter and food (cp. pp. 128-9). 

Plants of the hedge, 

( 1 ) Various trees and shrubs are found, mixed with the original hedffe 

plant; e.g. elm, yew, beech, hedge-maple, hazel, dogwood, privet, &c. 
These are often self-sown (cp. pp. 485-6), ^ 

(2) Climbers use the shrubs for support (cp. p. 270! • e hrvonv 

j'oy^'l^^tc: blackberry, d^irs, t’ravdler's 

obtaining shelter and 

shade, e.g. stinging nettle, dead-nettle, dock, wild arum violet 

cow.pa:.,cy, hedgcmus.ard, hedge! 

Animals of the hedge. 

trimLMT"!? Wbemate in the leafy litter below un- 

..a™, ..'d 

lagu?“ ““= “8raduaUy being replaeed, for hmorieal reasons, by Orycto- 
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nates low down in the undergrowth, in a protective nest of dead grasses. 
It makes its breeding-nest weU above ground, often in a blackthorn 
bush. The field-mouse does not hibernate completely; although it is 
dormant during very cold weather, on mild days it comes out to feed. 
Another mammal which is almost ubiquitous is the brown rat; it is 
not a native, but spread from Asia into Europe in the sixteenth cen- 
tury, and reached Great Britain in ships coming from the Baltic, It 
cats anything and everything, even devouring its own kind. It can run, 
jump, and swim (cp. p. 529), is fierce, savage, and aggressive. It causes 
great damage — one estimate puts the loss to crops in Great Briuin 
at ;^66,ooo,ooo annually — and is univenally detested. 

(2) Birds. The hedge, especially when it has a southern aspect, pro- 
vides cover and nesting-sites for innumerable birds, both resident and 
migrant (cp. p. 396). The song-thrush*s nest is one of the first to 
appear (March). This bird feeds on animals provided by the hedge, 
on slugs, insects, earthworms, and the like, being particularly fond 
of snails. Robins, wrens, long-tailed tits, and hedge-sparrows arc 
other familiar hedge-dwellers, all being insectivorous. It has been 
estimated that one tit will consume some 200,000 insects, in the form 
of eggs and larvae, annually. Among seed-eating inhabitants of the 
hedgerow are the yellowhammer and the chaffinch. 

(3) Other vertebrates include snakes, lizards, frogs, and toads. 

(4) Insects and spiders are perhaps the most conspicuous inverte- 
brates, although snails, slugs, and other molluscs are also plentiful. 
The large vertical plate-like web of the cross or garden spider is a 
very common and striking feature of the autumn hedgerow, especially 
when it glitters with drops of dew. A little search will also reveal 
many hunting spiders (Lycosa and others, cp. p. 495)> with their 
bags of eggs. 

Among the insects are numerous butterflies and moths. The cater- 
pillars of peacock and red admiral butterflies are found feeding on 
nettles, those of the painted lady on thistle leaves, of the brimstone 
moth on hawthorn and blackthorn, of the garden tiger moth (the 
so-called woolly bear) on dead-netdes. Beetles, glow-worms (whose 
larvae feed on snails), earwigs, flies — indeed insects representative of 
all groups (cp. p. 460) — abound. 

B« A fresh-water pond. Wherever water accumulates on the 
earth’s surface, aquatic creatures will be found. In any large pond 
we must distinguish between the inhabitants of the marshy zone round 
its edge and those actually in or on the water (cp. Fig. 29, p. 126). 
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Flora and fauna of the marsh and swamp, 

(1) The commonest trees are willo%vs and alders. 

(2) Herbs grow in great variety, e.g. reeds, rushes, sedges (usually 
distinguished by a triangular stem), irises, marsh-marigolds, water- 
plantains, willow-herb (p. 480), water forget-me-not, water-mint, 
bur-reed, moneywort. Many marsh plants have rhizomes (cp. p. 369), 
by which they obtain a firm hold on the soft mud (cp. p. 279). 

(3) Mammals of the marsh include the little water-shrew, which, 
like its brother of the hedgerow, is insectivorous ; the water-vole (often 
caUed the water-rat), which sometimes makes its nest in an under- 
ground cavity near the pond's edge, at other times forms a platform of 
water-weeds which it anchors to the plants of the marsh. This plat- 
form can serve as a table as well as a support for the nest. The vole 
is essentially vegetarian; it drags water plants on to ‘dining-table’, 
and then sits there to enjoy the juicy portions. 

Along the borders of the larger pools the brown rat is often very 
abundant, even more so than the water-vole. It makes a somewhat 
sinular platform of shortened rushes, on which the remains of its 
meab— (ish-bones, birds* feathen, &c. — are often to be seen. Re- 
sembling the vole in appearance b the musk rat (musquash), an alien 
mammal with large webbed feet. A native of North America, it was 
introduced into England, and caused such damage that special 
measures were taken to exterminate it. A carnivorous inhabitant of 
fresh waters is the otter, which feeds largely on fish. 

All these animab are thoroughly at home in pond and river, 
though, as might be expected, they do not breed in the water. They 
are good swimmers and divers, often remaining submerged for long 

periods with only the nose (cp. p. 311) breaking the surface of the 
water. 


Finally, another mammal b often to be seen skimming low over 
the surface of quiet pooU. Thb b Daubeton’s bat (the water-bat), 
which seems to feed exclusively on caddb flies. 

(4) Birds. Moorhens, dabchicks, and coots, many of the latter only 

summer vbitors, nest among the rushes or on bushes overhanging 
the water. They are omnivorous, feeding on snaib, worms, insects, 
and the like as well as on water plants. In winter sbkins and redpoUs 
visit the alders for their seeds. Other birds come to the pond to drink 
and to^d insects; the pied wagtail, for example, which roosts among 
the reeds, or the marsh-tit, which so often builds its nest in a pollarded 
j^ow. Many of these birds can swim— e.g, watcr-raib, coots, moor- 
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(5) Frogs, toads, and ruwts are aU to be found on the marsh as well 
as in the water. 

( 6 ) Many insects live on the marsh plants. Feeding on willow leaves 
we find the larvae of the puss and swallow-tail moths, while those of 
the goat moth live on the wood, causing much damage to the tree. 

Flora and fauna in the pond. 

Many plants live in the water, their distribution depending largely 
on its depth (cp. pp. 83, 272, 275-7). In the shallows we find those 
with floating leaves, such as water-lilies, starwort, water-crowfoot; in 
the deeper water are many which arc quite submerged (c.g. potamo- 
getons, Canadian water-weed, &c. (cp. Fig. 79); others float on the 
surface, c.g. green algae of all kinds, duckweed, &c. 

Of pond animals some live below the surface, c.g. fish; others (c.g. 
frogs, dragon-flies) arc aquatic during a part of their life only. Many 
are aerial, using the surface film (caused by the tension between the 
water and the air above) either to facilitate movement over the sur- 
face of the pond (e.g. pond-skaters, water-gnats, water-crickets) or 
to hang suspended in such a way that air can reach their respiratory 
organs, e.g. gnats and mosquito larvae (cp. p. 313). 

Among these submerged animals we find : 

(1) Fish, e.g minnows, sticklebacks (whose interesting breeding 
habits should be studied), char, carp, pike, roach, cels (cp. p. 396). 

(2) Amphibia, e.g. the young stages of frogs, toads, and newts. 

(3) Snails, c.g. the great pond-snail (sometimes called the fresh- 
water whelk), the wandering snail, the dwarf pond-snail; also many 
of the ‘flat-coil’ snaib, such as the ram’s horn, the whirlpool-trumpet 
and the kecled-lrumpet snaib. None of these are truly aquatic; they 
trap air in a space known as the mantle cavity and use it for respira- 
tion. Truly aquatic freshwater snaib arc the freshwater winkles 
(Paludina), which take up oxygen by means ofgilb (cp. p. 281). 

(4) Freshwater mussels, the swan mussel, for example, which has 
gilb. 

(5) Leeches and other worms (cp. p. 291). 

(6) Water-spiders. These, like the water-snaib, are air-breathers 

(cp. p. 311). V u ^ 

(7) Water-fleas, freshwater shrimps, and other Crustacea, which use 

water for respiration. 

(8) Insects often spend their early life in water, e.g. may-flies, whose 
larvae have structures for absorbing oxygen from the water, mt ges, 
who abo obtain oxygen from the water; caddb flies, whose larvae 
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breathe by extensions of the tracheae known as tracheal gills, and 
who, directly they are hatched, form about themselves little protective 
cases of any material that may be to hand; gnats, whose life-story 
is told on p. 313; dragon-flies (cp. p. 315); stone and alder flies; 
beetles, e.g. whirligig beetles, the carnivorous water-beetle, &c.; 
they store bubbles of air which they use for respiration. 

Careful search will reveal many more of these aquatic creatures; 
the student should examine a pond for himself. 

C. A rock-pool (salt water). Conditions here are very differ- 
ent from those in a fresh-water pond. Not only does the water contain 
about 3 per cent, of mineral salts, but, while the one is still and calm, 
in the other all living creatures are exposed to the play of the waves 
and the unceasing rise and fall of the tides. Small wonder, then, that 
a very different flora and fauna flourish in such an environment. The 
plants here are algae (cp. p. 83) : grem, e.g. sea-lettuce; broxmt e.g. fucus 
(cp. p, 43 1 ) ; redy e.g. the braided-hair seaweed, Dasya, &c. I n general 
these are attached to the face of the rock and maintain their position 
in spite of tides, currents, and waves. 

Many sedentary animals also hold on fast to the seaweeds or to the 
rock itself: sponges ; hydroids, e.g. sea-hair, squirrel-tail ; sea-anemones, 
e.g. bcadlet, Dahlia; molluscs, e.g. periwinkles, limpets, whelks, 
mussels, &c. 

Among more active animals are prawns, crabs (especially the shore 
crab), &c., and, finally, various fishes, the young (fry) of many deep- 
sea fish, as well as blcrmies, gobies, rocklings, sucker-fishes, &c., some 
of these latter being only feeble swimmers. Certain fish can live both 
in fresh and in salt water (cp. pp, 395-6), but usually they are either 
fresh- or salt-water animals and are confined to tl^c one medium. 

There is a marked contrast between a rock-pool and a fresh-water 

pond. Creatures depend for their existcnceonasuitablccnvironmcnt, 

and each one can only thrive in those external conditions to which it 

IS adapted (cp. pp. 124-9). This truth is very clearly illustrated by 
any study of ecology. 
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161. 

Coelonute uiinuli, 150. 
Colloid*, 40. 

Colour of flower*, 453, 
455-6. 458. 

— “ vision, *41. 

Combustible materisl: in 
living mslerial. 45; in 
•oil. 118. 

CommeiutlUm. 303. 
Compo*iue, 466-71 /., 473. 
Compound lesvc*, 100/., 
loa. 

Conducting •yslem of 
pUnu, 18/., 30, 84, 01- 
S/. 

Conjugition. 435-7/.; 

aiso Reproduetioo, 
Connective of *1,000, 443/. 
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Conscious ection, 319-22. 

Contact stimulus, 181 /, 
338. 357/. 

Contractile vacuole, 33—4/. 

Co-ordination of actiWues, 
• 33. *47. 208-33/. 

Cork (suberin), 30, 361/. 

Corms, 37*/., ■^2l. 

Corolla, 442, 451, 464, 468/. 

Corpuscle* in blood, 307- 

8 /. 

Cortex: plant*, 20/., 92- 
5/.; brain, 316. 

Cotyl^ons: of bean, 85; 
of sunflower, 351 ; of cas- 
tor-oil. 353/.; functions 
of. 353. 

Crabs, 23, (406. 

Cranium, 33/.. 3l4-t6/.> 

Crayfish, 234/.. *83, 385/ 

Crocus: Qowei*.2s6:corms, 
37*/. 

Crop. 153/- 

Cross-pollinstioo, 445-6. 
453. 465. 47*. 

Crowfoot, water-, 277/. 

Crystalloid*. 40. 

Cuckoo. 307, 503. 

Cultivated plants, 521. 

Cuticle, 84, 94, 103/.. 27a. 

Cutin. 63. 

Cuttings, 421-2. 

Cysticercus, 196-8. 

Cytoplasm. 24*6. 

Daisy, 466. 

Dandelion: flower, 466/.. 
468-71/.. fruit, 449, 
480-1/. 

Darwin, C,. 438; and earth- 
worms, 151; and pollina- 
tion, 4S7~9: and evolu- 
tion. 514. 

Dead-nettle: flower, 465— 
6/.; fruit. 478. 

Dedduoua tree*, 275/.. 376- 

8 /. 

Defaecation. 338. 

Dehiscent fruju. 478, 480/. 

Dental fonnulae, 163-4/,, 
*7a. 

Dentine, 162/. 

Dermis, 342-3/. 

DEvsLopMEt^: of plants 
from seed*, 86-8/., 350- 
8/.{ of frog, 3*9-23/.; 
of animal*. 389-92/.; of 
cabbage white butterfly. 
488-^/, 
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Diaphragm, 21-3/., 165, 
304-6. 

Diastase, 138-9. 

Diastema* 172. 

Dicotyledons, 102, 347-8/. 

Diifcrentiauon. 30, 150-2, 
34^* 358. 39(^2. 

DifTuse nervous system, 209. 

DilTusion, 77-9* 80, 84* 275, 
279» 507- 

DiCESTtON : of proteins* 140, 
142, 165-6* 169, 182-3/., 
198-9; of carbohydrates, 
135-6. 138-9. 142-3, 

162, 166* 169-70, 185- 
7/.; of fats, 141; of 
stored plant food, 180, 
*85-7/., 353-4; in Amoe* 
ba, 35: in Hydra* 146; 
in canhworm* 152-4/.; 
in cockroach* 156-8/.; in 
frog, 176-8/,; in mam- 
mal. 161-9/., 172-6/.; by 
insectivorous plants, 180- 
5/.; by saprophytes, 198- 
202/. 

Dioecious. 428. 

Diphtheria, 519* (52/* 

Directive intiuences. 244- 

Disaccharide sugars* 54. 

Disk florets* 467/. 

Dispersal of fruits, 479-86/. 

Division of labour* i6x* 

Dodder, 192-3/., 514. 

Dogfish, 288-9/. 

Domestic animals, 521. 

Dorsal aorta, 286/. 

— pores, 152. 

— surface, 237. 

— vessel. 152-3/. 

Double circulation in mam- 
mals, 298/.* 300. 

Down feathers, 41^11/. 

Dragon-fly, 3I5^I7 /m 392. 

Drones. 494/. 

Drum of ear (tympanum), 

235-6/* 

Drupes, 479. 482/., 484- 

Dry fruits, 478. 

Duckweed* 277/. 

Duodenum, 173. 

Ear, 233-5 /• 

Earthworm: externa] fea- 1 
turcs and mode of life, 
150-3/.; feeding and 
movement, 1 54-5 ; ner- 
vous system, ax 1-12/.; 
sense organs, 229; re- 
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spiration, 291: excretion, 
331; egg capsule* 490/.; 
reproduction* 496-7 /. 
Eedysis, 393. 403-4. 
Ecology, 126/., 12^, 526- 

31. 

Ectoderm in Hydra, 146-9/. 
Ectoplasm in Amoeba, 33- 

4/. 

Eols* 313-14; and migra- 
tion, 396. 

Effector organs, 222* 

Egg capsules, 490/. 

— -cells; of Hydra* 147/.* 
428-9; of frog, 318-19/.* 
337/-* 430-J; of Fucus, 
432/.; of flowering plant, 
442 -A$ 447 /-; of codfish, 
486; of cockroach* 490; 
of earthworm, 497*‘8 ; 
cleavage of, 389. 391/.5 
and fertilization, 428. 

— -la>nng: frog, 431; but- 
terfly, 489; bird, 499-500. 
Eggs: tapeworm* 197; 

water-spider, 3x1; gnat, 
313/.; dragon-fly, 31SJ 
cuckoo* 397/.; butterfly* 
488-9/.; ant. 492; bee, 
494; apider. 495-6. 
Elements, essential, 46* 

74-5. 

Elm fruit, 480-1/* 

Elodea (Carudian water- 
weed), 24/., 26. 

Embryo: of earthworm, 
497; of chick* 499-501 /•; 
of mammal. 504/.* 507- 
ix/.; protection of* 445» 
449* 504-6* 

— plant, 444* 448-9* 453- 

— -aac* 444. 447/-* 447-;8* 
Embryology and evolution* 

516. 

Emotions, 219. 

Emulsion, 141. 

Enamel* 162/. 

Endoderm of Hydra, t4^ 
7/'. M9/* 

Endoplasm of Amoeba, 33- 

4/. 

Endoskeletoo* 403-18/. 
Endosperm* x86/.* 448* 

453/* 

Energy: for photosynthesis* 
61; released during re- 
spiration, 267-71 /•• do* 
rived from sun, 269; ex- 
cretioo of* 338-9- 


Enteroldnase* 169. 
Environment, 244, 273, 

277-8, 383-5- 

Enzymes, 13, 136 - 43 , 146, 
169, 180-3. 

Ephemeral plants, 366. 
Epidermis: of plants* 84* 
89-00/.* 93-4 /m X 03-5/.» 
273; of animals, 342-3/. 
Epigeal cotyledons, 350-4/. 
Epiglottis, 165. 

Epigynous, 473-5/- 
Erepsin, 169* 

Eskimoes, 47. 

Etiolation, 235-6/* 
Eugenics. 523. 

Euauchiao tube, i77/«* 

235- 6 f. 

Evaporation r and transpira- 
tion, 106-11; and per- 
spiration, 340-t. 
EvergreeriS, 378. 

Evolution, 513-15; and life 
of frog. 326; evidence for* 

236- 7. 471. 5J5“*8. 
Excretion in Amoeba* 36* 39* 

171-2. 330-9/. 
Exoskeleton* 401—3, 418. 
Eye, 256/.* 237-9/-. *41- 
2/. 

spot*, 337- 

Facets on vertebrae* 413/- 
Faecea* 171* X73« 

Family, 466, 526. 

Fat, 68-9, 14X, 169-7^^ 499- 
Fauna, 529. 

Feathers, 4io-xx/* 

Femur, 415/- 
Fermentation* 263. 

Ferns, 423. 

Fertilization* 428 ; in Hydra, 
429; frog, 43*# Fuctis* 
432/.; flowering plant, 
442* 447/- 5 butterflies. 
^9; ants, 491 ; bees, 494* 
earthworm, 498/*; cluck* 
499; rabbit, 506; and 
chromosomes, 4351 2^ 
heredity, 436- 
Fibrous root system* 19- 
Fibula, 407-8/.* 409/* 
Filoplumes* 411/- 
Fins, 287-8/. . 

FUh, 236-7. 

313-15; lateral line of, 

237. 

Fission, 36-7 /•» 620* 

Fleas* 195* 



Flics, 393-S/., 45i, 460. 
469. 

Flight. 384, 396-8. 408-10. 
Flora, 529. 

Flora) diagram, 452/., 463/. 
— formula. 452, 461^ 464* 
“leaves, 473, 

F1oret» 466; of eiinnower, 
467 /«; of dandelion, 

468/. 

Flowering plant, i8-to/» 
»3“5A S7-00/S, 93-5 /m 
100 /o 103-5/.; aquatic, 
83s 272-3s 277/- 
Flowers: parts of, 44r-4/.: 
tuminate and pistillate, 
44a. 453-5 A; buttercup, 
441 /m 451-3/*; hazel, 
454/.; pea, 461-4 /.S 

•napdragon, 464-6 /.; 

dead-nettle. 457* 465-6/.; 
sunflower, 467-g /. ; dan- 
delion, 468-9, 470-1. 
Focus of eye, 138, 

Foetus, 508-9/. 

Foliage leavas, 100-5/. 

Food 5 vacuoles, 3 3-5 /. ; 
capture of. 34/., *32, 146. 
l?6; composiuon of, 
requirements, 49; testa 
for, 53; manufacture by 
plant, 57*75; reserve of, 
69, 86/„ 171. iS6/„ 

337/-. 347-5 o/m 4^8-9. 
499-500/.; chains, 131; 
uses of, 261. 

Pore-brain, 117/* 

Forest, 127-8. 

Fossils and evolution, 515/. 
Free central placentation, 
474-5 /. 

Pnoo: life-history, 176-8/,, 
318—11/.; brain and ner« 
voiu system of, 116-17 As 
respiration and circula- 
tion, *95-6/., 3*3-6/.; 
blood, 307/.; tnd evo- 
lution, 3*6; excretion, 
337-8/-; reproduecioD, 
43«>-l. 

Fructose, 54. 

Fruits: formttion of, 448. 
479 ; ciassificstion of, 478 ; 
dispers.) of, 481-6/. 
Pucus, 43*/. 

Fuel, *61. 

Funei, 190-1/., aoo-a/., 

463. 

Fusion of gimetes, 424-8 /. 
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Galileo, 13. 

Gall-bladder, I7SA> *77/* 
Cametes. 427. 
GamctophytCs 425. 

Ganglia of nervous 
iii-izA, 111 A 
Gastrula, 389-91/.! 499“ 
500. 

GenxiSs 526. 

Geotropism, 231—2/.! 247- 

OA 

Germination, to, 86*8/., 
I91-3A. 3S^A 
Gestation, 509. 

Gill alita, 284, 287-90/.# 
318/.* 32t“** 

Gills. 281-90/.. 297.3^8/-. 
320-1. 

Gizzard, 153-4/.! 156-8/. 
Glands, 161, 166-9/.* I7i" 
3, 182-3/.; lymphatic, 
31c. 

Glottis, 196, 324. 

Glucose, 54, 14a. 

Glycogen, 171. 

Gnats, 311-13/. 
Gooseberries, 482-4/. 
Grafting. 421. 

Grass flowers. 458. 
Grassland, 128. 

Gravity perceptioni see 
Geotropiim. 

Grey matter, 216, 220, 
Growth: emmof: and 
length of life, 366; and 
regeneration, 382; rate of, 
383; and hormones, 387- 
9; and metamorphosis, 
39a: and eedysis, 393; 
and migration, 395-6; 
p!<mti 42, 346-^; of seeds, 
87/*! 35t-3As apical, 

a44“6A! 358. 366-75A: 

and directive stimuli, 
146-52/.; and oxygen, 
176; and external condi- 
tions, 354“9; and auxin, 
359 ; in thickness or 
aecondar7 growth, 360* 
4 /.; and length of lifo, 
366. 

Grubs, 129. 

Guard cells, 103-4/, 

Gullet, res Oesophagus. 
Gynaccium, 441. 443-4, 

450-3/., 465, 469. 473. 

Hibit fonnstioo, 2*4-5. 
Hibiut. 1*9, 5*7-31. 
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Haemoglobin, 282 , 29 f , 

306-8/. 

Hairs: plant, 89-91, in, 
378, 480/.; animal, 22, 
341-3/. 

Hazel, 453-5A 
Heart, 186 A* 29^-301 /. 
Heat production and re.» 
spiration, 261-3, 167-8/.! 
170. 

Hedge, 129, $27^. 
Hedgehog, 527. 
Hcliotropism, 24i-s®A 
Herbaceous plants, 273^ 

368-75 A 

Herbivorous animals, 47^ 

171-5- 

Herediry, 436-71 513* 
Hermaphrodites, 197, 428, 

496-7/. 

Hibemauoo, 369-78 A^ 

385- 7. 

Hilum, 85/, 

Hips of rose, 482/* 

Hive, 494. 

Honey, 494, 

Hooke, R., 15, 

Hoetked fruits, 482-4 A 
Hook-worm disease, 520. 
Holophytic and holozoic 
feeding. i8g. 

Holly, 458. 

Homologous organs, 517. 
Hormones: animaj, 2259 

386- 8/,; plant. 359. 

Hornbeam fruit, 481. 
Horse-chestnut, 175/. 
Humerus, 405 /•! 407 Ap 

409-10/., 415. 

Humus, 116. 

Hydra, 145-9/., 209, 420- 
a, 428^. 

HydrophN-tes, 83, 124, 
Hydrotropism, 151 /. 
Hygropbytes, 124. 

Hyphse, 190-1/.! 100-2/., 
203. 

Hypcgeal cotyledons^ 35<y« 

4 A 

Hypogynous, 450, 
Hypogyny, 473, 

Ilium, 40s A, 407/., 409 /, 
Impulse, nerv'ous, zi^xt^ 
319, 231^. " 

indehiscent fruits, 478. 
Infantile mortmlity, 519, 
Inflorescences, 4S4-sA 
inoctilation» 500* 
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Inorganic materials, 75. 

— salts. 41, 72-s. 
Insectivorous plants, 181- 
4/. 

Insects: structure, 155-6/., 
t 66-7/., 170-7/., 292/.; 
sense organs, 229; re- 
spiration, 291-3/.; life- 
histories. 313-17, 3«s/.. 

317/., 393-5/-, 489- 

500/.: size, 384; pollina- 
tion by.45*.4S&-8;classifi- 
cation of, 460. 

Instinct, ato. 4<J5-6, 501-3. 

IntcIIitrence, 219, 495, 503. 
IncemaJ skeleton, 40X, 403, 
4x8. 

Intemode, 18 /., 83. 
Interstitial cells of Hydra, 

149. 

Intestine, at/., 23/., 153- 
4 /m 156/., 167/., *70. 
177/. 

Involucre of bracts. 466. 
Iodine. S4* 57-8. 

Iron and chlorophyll, 75. 
Irritability, 39. 

Ivy. 380. 

Jelly-fish, 46, 300. 

Jerusalem artichoke. 373. 
Joints, 223/., 402, 417 -i8< 

Kangaroo, 50a/*. Si?* 
Katabolic processed, 39. 
Kidneys, aa/*. 33^- 8A 
Klinostat, 248/. 

Knee-jerk. 223* 

Krakatoa, 485. 

Labyrinth of ear. 233-6/. 
Lacteal, 167/. 

Lactose, 56. 

Lamina of leaf, 100-5, 
los/. 

Land plants, 273-5. 
l^arva, 24^, 394 /m 488/., 
494* 

Larynx, 296. 

Leaf. 100-12/. 

— petiole, 102. 

— •fall. 376/.. 378-8. 
Learning by experience, 

219. 224-5i 503. 
Leguminoste, 526. 

Lens of eye. 238-40. 
Lenticels, 174-5/. 

Lifting force due to tran- 
•piratioD, xii. 


INDEX 

Light: for photosynthesis, 
61-3/.: and growth, 235- 
6/,; and vision, 237-41; 
and animal tropism. 241- 
2/.; directive force of. 
242-50 /. ; and aleep 
movements. 254/. j per^ 
ception of, 255-8. 
Ligniheation. 30, 92. 

Limbs, pen (adsccyl, 404-9/. 

4X5-I7/- 
Lime fniiu, 4S1. 

Limpets, 531. 

Lister. 520. 

Liver. 21/., 23/., 17i^4i 
177/*. 338. 

Living material. 45-6. 

— proce.v^es in plants and 
animals, 31. 

Lobworm (lug worm). 283/. 
Longitudinal section : of 
flowering plant, 18/.5 
of human body. 23/.; 
of stem, 95/.; of seeds, 
347/., 349/-; of flower, 

457/. 

Lungs, 295 /m 29S*^- 
Lymph, 167. 309-xo. 

Magnesium. 46, 72. 

Maize, 186/, 3SS/- 
Malaria and mosquitoea. 

*05. 3*3/.. 520. 
Malpighean capsule of kid* 
ney, 335. 

— tubules. 156/. 

Maltose. 139, 143. 
Mammalian embryo. 449* 

506/. 

Mammals. 21/., 22-3 /*; 
alimentary canal and 
digestion, 161-76/. j ner- 
vous system. 217-26/.; 
sense organs, 227. 22^ 
30/., 234-6/.. 238-4X/., 
304-6/,; respiration. 29 5“ 
6/.. 304-6/.; heart and 
circulation, 298-303/., 
307-8/.; excretion, 332- 
6/. ; skeleton. 403-6/. ; 
reproduction. 4x2-18/. 
Man, 23/., 47. 49. 163 /*♦ 

164-71 /m 214-23 /•» 230- 
46/., 266-7. 295/m 30S/m 
307 /m 333 /u 336 /m 339. 
343 /•* 40a/. 

Marsh plants, 276-9/* 
Mursupiab, 502/., 506. 
Mater^ care: in birds, 


50X-2; in mammals, 50S- 
9. 

Matrix of animal tissues 
28/ 

Mechanical aupport: in 
plants. q 6; in animals. 
401-14/. 

— tissue in stems, 30, 95- 
6/., 400. 

Medulla of kidney, q 6 /• 
Medullary rays. 94-6 /.. 
362/,. 400. 

Membraneous labyrinth of 
car, 231. 

Membranes, 79, 

Mendel, 436-7, 464. 
Mesophyll, 103-5/. 
Mesophytes, 124. 
Metabolism, 39. 
Metacarpals. 405/*i 407/-. 
409/., 417/* 

Metameric segmenUtioD* 
152. 220. 

Metamorphosis. 392; of 
butterfly, 488-90/.; of 
dragon-fly, 317/.; of frog, 
318-21/.. 388; of fly, 394/. 

Metatarsals, 405/., 407/., 
409 /m 4x7/* 

Micropyle, 8$. 444» 447 A 
Microscope. 15. 

Mid-brain, 2x7. 

Midrib of leaf, 102. 
Migration; bird, 36; and 
growth, 395-6; swaUowa 
and, 396. 

Mildews, 190-1/ 

Milk, 55-6. 

Mineral salts, 51, 74 ,8x 
Mistletoe, 193/. 

Molar teeth, i62-4/« 

Mole, tax. 

Molluscs, 528. 
Monocotyledons, 102, 347* 
8 . 

Monoedoua. 428. 
Montbretit, 372. 

Mosquitoes, inaUria and, 
205. 313/ 

Moths, 460. 

Motor nerves, 22^1. 

Mouth, i 6 i- 4/*. *77/ 
Movement: cRim^; 20, x 33 » 
219: Hydrs, 148/2 
worm, 154; cockroaii, 
158; mammal, 219^3 /• 
fish, 288; animal cropisms, 
242/.; p/ 4 xni; tropisms, 
244-51/; ilW* 254/; 



contact, *57-8 /.j plant 
and anirnaii 252—3* 
Mucor, 200-2/.; reproduc- 
tion, 423/.# 427/- 
Musclcs, 20, 155, 223/«; and 
movement, 4 16- 17, 
Mushroom. 201, 413, 
Mycorrhizj. 203, 


Names, popular and scieoti- 
Ac. 526. 

Norcs. 177/*, 3*3-4/. 
Natural scloction, 385. 
Nccur, 4S5-7, 465. 460. 495- 
Ncctory, 441 /., 45o, 45*. 
Nematocyst. 249/* 
Ncrve-cclls, tta Neurons* 
Nerves, 210. 

Nervous impulse, 210-1 1« 
“ system : dilTusc, 209 ; 
centralised, aio; inverte- 
brate, 159/.. 21 2/.; verte- 
brate, 224-2i/«s auto* 
nomic. 225. 

Nesu of birds. 396-8. 503. 
Neural arch. 226, 404/* 
Neurons, 28/., 140/v 208. 
216. 

Nitrites, 7a. 74. 

Nitrifying bacteria, tgg. 
Nitrogen; and green plants. 

^9^4 /-J cycle, 199. 

— -tiling bacteria, 199. 
Nitrogenous excretion, 332— 

7/. 

Node, 18/,, 88. 

Nodules on roots, 125/. 
Non-endospennic seeds, 

44»-S3/* 

Nose, 396, 

Nucellus. ,40, 447-8/. 
Nucleolus, 26, 

Nlc 1 «u*. 44/., a8/.. 33/.; 
divifion of. 36. 43-4/.; 
membrane, 25. 

Nuptial Aigbt, 491, 

NuU, 478. 


Oedpiu] coodylet, 41a. 
Odontoid process, 41a. 
Oe*ophfl£us. ai/., a 
165. 173, 176. 

Oils, so. 68-9. 


Old man's beard (clematis) 

481-3/. 

Olfactory lobes of brain, 
*»?/. 


Oper^um. 084, 287/., 

318/«» 322« 
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Optic nerv'e, 239 /. 

Org^c compounds, 75. 

Organisms. li\ing. forms of, 
39i 366* 

Organs, 30. 

Orientation. 232. 

Osmosis. 79-82» 91, 

Ostrich, 384. 

OVABY;onmic/: Hydra, 247/», 
429; frog. 337/.. 430; 
earthworm, 407-8/. ; bird, 
40o: mammal. 507-8/.; 
ptanf. 441-68/., 473-s/- 

Oviduct. 337/.. 497-9/., 
S07-8/. 

Ovule. 441-4/., 447-8/.. 

479. 473-5/. 

Ovum, set Egg-cell. 

Oxygen, in phacosj'ntbesis, 
6s/.; in respiration. 264- 
73 5 in growth, 476; sjid 
water plants, 279. 

Pain, sense of, 220. 222. 

Pairing of animals. 497. 

Palisade tissue. 105/. 

Palmate veining, loo-a/. 

Pancreas and duct, 22, 166, 
175/.. 175^/. 

Pancreatic juice, t66, 169. 

Parallel-veined, iot-2. 

Parasites, 189-94/. 

Parental care. 438; In 
flowering plants, 447-9/., 
479! in ants. 492-3/.; in 
494-5/.; in spiders, 
495-6; in birds, 498- 
503/.; in mammals. 503- 
4. 6U6-11/. 

Parthenogenesis, 470. 506. 

Pasteur, 204, *63. 519. 

Pea, 244, 357/.; flowers, 
457. 461-4/. 

Pectoral girdle, 405, 40S, 
4tS. 

— fins. 287-9/. 

Pelvic girdle, 405, 40S, 
4IS-16/. 

— fins, 287-9/. 

Pertguin. 505. 

Penis, 509, 

Pcniadactyl limb, 405/., 

S t7» 

Pepsin, >40. 240. 

Perennials: herbaceous, 

367-74/.; woody, *74- 

^ 6/., 367. 375-8/. 

Perianth, 473. 

Pericarp. 448. 479-S2/. 
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Perigynous, 462. 473-5/. 
Perilymph, 233-5/. 
Permeability : of mem* 

bnines, 79; of cellulose 
wall, 8t, 83, 90; of pro* 
toplasm* 81. 90. 
Perspiration, 34o-i* 

Petals. 414/-. 450. 463/., 473- 
Petiole, 102. 

Phalanges, 405/., 40S. 
Pharynx, 165, 176. 321. 
Phellogcn. 361/. 

Phloem. 92-5/. 
Photosynthesis, 69-65/4 
and green leaf, 105. 
Phyla, 22. 526. 

Pigeon. 408-11/., 50s. 
Piliferous layer of root, 93/. 
Pine seed, 481. 

Pinnate, 481. 

Pistil, res Gynoedum. 
Pistillate flowers, 434/., 44a. 

Pith, 94. 

riacenu; mammal, 507- 
10/.; plant. 444. 
Placentation. 473-5 /, 4/8; 

parietal, 473-5/. 
Plankton. 69. 
Plant-breeding, 521. 

Plants; and animals, 20, 22. 
29. 31, 253, 272; annual, 
366-7; biennial, 367; 
percnnia].36S-7s/.; woody 
perennial, 376-7/. 

Plasma, 306. 

Plasiida, 26. 

Plumed fiuita. 481 /. 
Plumule, 85-7/., 1S6, 

Pods. 84-5/.. 478. 

Pollen, 442-5/., 452-6; 

tube, 446-8/,; and bee*, 

494-5. 

Pollination: wind, 455-6; 
^®ct, 456-7; of butter- 
cup, 45a; of hard. 4S5; 
6f pea, 462; of snap- 
dragon, 465; of foxglove, 
466; of dandelion. 468- 

71/. 

Pome, 482-4/. 

Pond-wecd.83,27*-3, 278-9. 

Porul system, 303. 

Posterior or inferior yen* 
cava, 298. 

Potassium. 46, 74. 

Pouto, 8o.9i.37j-3y; 
Poiomcier, 108-9/. 

Prickles, 378. 

Primrose, 472-4. 
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Privet, roi, i03-4* 
Proboscis, 452, 

Prosiomium, 152-3/, 
Protandrous, 466. 

Proieases, 137, 142. 
Proteins, 6^4, 135, 165-8, 
ig8-g, 4S2, 49g, 
Proton-nous, 466. 
Protoplasm, 25-7. 2<>, 33-S. 
39-46. 

Psychology. 225. 

Pterodactyls, 515, 

Ptyalin, 130, 160. 
Pulmonary arteries and 
veins, 208-301 /, 

— circuit, 300. 

Pulp cavity, 162/. 

Pupa. 402. 

Putrefaction, 122. 

Pylorus, 166. 

Pyrenoids, 24/., 27, 


Rabbit, 20-2 /.; alimentary 
canal and feeding. 164 /•• 
brain and ner- 
vous system, 216-17/.; 
heart and circulation, 
291^-301 /• i kidneys and 
excretion, 332-3.335^/-; 
skeleton, 412-16 /.; re- 
production, 507-11/. 5 
races of, 510/. 

Radicle, 84-7/. 

Radius, 405 /., 406-7/.. 

400-10/., 413. 417/. 
Ranunculaceae, zzj /.. 526. 
Reaction to stimuli, 36-7; 
animals, 208-13, 215-17, 
222-4; plants, 244-53 /♦. 
255-8/, 

Receptacle, 441 A. 450, 473* 
Receptor organs, 222. 
Rectum, 21/., 23/., i68, 

17^1, 173. 175/- 

Reflex action, 222-^4, 
242 /m 33** 

Reflexes: condidoned, 223; 

inborn, 223-4. 
Regeneration, 382. 

Region of elongation: in 
root, 244/.; in stem, 

245/- 

Regular flowers, 457, 473- 
Renal arteries and veins, 
208-0 /m 333 At 336/. 
Reproduction : asexual: 

fission, 36/.; budding, 
T45-7 Ap 262 /., 373 A I 
MTXificUi budding, 422; 
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spores, 423; sexual: con- 
jugation, 4^4/., 427/.; 
ferulization, 337A. 428, 

431-2/., 446-8. 477/., 
480-00 A, 407 A. 4Q9- 
500/., 504/., 506-10/.; 
tegetatwe: 368-75/.. 421. 
Respiration: 35, 261-8; 

anaerobic, 264, 271; and 
fermentation, 263 ; and 
breathing, 271. 
Respiratory mechanisms: 
plants, 278-0 A, 373; 
aquatic animals. 35, 281- 
8. 285/., 288/., 314. 

318/., 323; land animals. 
202-3/., 205-6/., 304- 
6/.; of bird embryo, 501. 
Retiru, 238-oA 
Rhizomes, 36^0/., 421. 
Ribs, 305/., 4x4-15 A 
Rickets, 51. 

Rigidity of plant tissues, 06. 
Ringworm, loo. 

Root: lateral, 18/., 87/.; 
pressure, 07; 2nd shoot 
compared, 98 ; nodules, 

lasA 

— structure, 18/., 87/., 

03 /. ; fibrous and tap, 10 ; 
work of, 84, 89-orA; 
bain, 18/., 84, 90/., 03A 
Rose: flower, 474; fruit, 

482 A 

Rosette plants, 359 A# 368/. 
Roundworms, 195. 

Runoera, 368-oA 


Sacrum, 414* 

Saliva, 139, i6r. 

Salmon, 395. 

Salt (sodium chloride), 51, 
Saprophytes, 198-203/. 
Scapula, 405-7 Ap 415. 
Scavengers, 122, 198. 
Science and d^ization, 
518; and material pro- 
gress, 519. 

Scientific method, 12—15* 
Scent of flowers, 452, 455* 
458. 

Scurvy, 51-2. 

Sea-anemone, 390, 53 
Sea-shore and xerophytes, 

127. 

Seaweed, 83, 43i-3A» 53X* 
Sebaceous gland, 343 A 
Secondary growth in plants, 

360-4A 


Seed-dispersa], 470-86 /. 
Seedlings, 86-7/., 351-7/, 
Seeds: structure of, 84-5/., 
*86/., 347/., 340/.; dor- 
mant, 138; dispersal of, 
470. 

Segmentstion, 389-91/. 
Self-poliinatioo, 446-53, 
471^. 

Semicircular canals of ear, 

233-5A 

Sense organs, 337-43 /., 
255-6. 

Seruitive plant, 256. 
Sensory ner>*es, 221-3/. 
Sepals, 441 Ap 4S0, 461/*, 

473. 

Sepu, 1 52-3 A 
Setae, 152, 155. 

Sexual reproduction, 425, 
434; and heredity, 4375 
and chromosomes, 435; 
effects of, 438. 

Shoots, 19/., 88. 

Sieve tubes, 04“5A 
Sinus venosus, 286/* 
Skeleton: plants, 92, 05 A, 
410; animals, 401-28/. 
Skin, 342-3 A 
Skull. 23/., 214-16/., 406* 
Sleep movements, 254^/. 
Smell, 229-30/. 

Snapdragon, 457, 464-6/. 
Soil, 116-20/.; influence 00 
vegeution. I2t. 124-9* 
Solomon's teal. 369/* 
Speoalizadon, 29-30, 148- 
50, 258-0, 208, 237> 390- 
2 . 

Species, 466* 

Sperms: animal, 497 p 5095 
plant, 429. 432-2. 

Spiders, 311, 495HS, 602* 
Spinal cord, 221/* 

— nerves, 218/*, 222 A 
Spines, 378. 

Spiracles, 291-2* 

Spirog>Ta, 24/., 27 Ap 57 p 
77. 346, 424-5 A 
Spontaneous generatioOi 

434. 

Spores, 423-4A 
Squirreb, 483. 

Sumen, 442 Ap 443 A 
Staminate flowers, 442. 453^ 

Starch, 49. 57 p 64. 85-6/5 
tests for, 545 trmnafonned 
to sugar, 66, xSy* 
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Siatocytt of plant, 

SutoUth of animal, 231 /» 
Stem, 18-19/., 96, 

245-6/., 360-4/.; and 
root compared, 98. 
Sternum, 408. 

44t/'. 444-8/., 

456-63/., 467-70. 
Stimulus, intensity of, an. 
ScipuJea, 101. 

Stomach, ai/., 23/., 165, 
168, 175/-, J 77 /- 
Stomau, 84. io3/m 108; 
and gaseous diffusion, 
105, 272-3; and cran« 
apiration, 106-8; protec- 
tion of, ifi xcrophytea, 
til. 

Strawberry: ruimcr, 368/.; 

fruit, 482/. 

Stj'lc, 44t/., 444« 

Subsoil, 116. 

Succulent fruits, 478. 

Sugar, 58, 63, 64; mono- 
and disacebaridea, 54, 14a ; 
teat for, 34; transfornied 
to atarch, 64; and gly- 
cogen, 171. 

Sundew. 181-^/, 
Sundower: stem, 94; seed- 
iing, 351; flower, 466^; 
fruit and seed, 347, 
Swallowing, 161. 

Swallowa md migration, 
396. 

Sycamore, fruit of, 481. 
Symbioaia, 203. 

Syncarpoua, 473, 478, 
Synovial fluid, 418. 


Tadpole, 318-21/,, 388J 
39a, S30. 

Tapeworm (Taenia), 10^ 

8 /., 4^8. 

Taraala. 405/., 407-8/. 

Toate organa, 161, 129-30 

Teeth, 162-4/., *72-3. 

Temperarure: and respir 
tion, 262, 267-8/.; an 
trrowth, 354. 38s. 

Tendrils, 379^o/., 461. 

Testa, 84-5/., 349/., 3$i J 
3S3/- 

Tttti,. 147/.. 337/., ^5 
3*. 498/., 507/. 

Testa for food, 54, 

Thoracic vertebrae, 413. 

TJorax, 33/., 305/., 414/ 

Thoms, 378. 


Threadworms, 121. 

Thyroid, 386/, 388/, 

Thyroxin, 3S8/. 

Tibia, 408. 

Tissue respiration, 261-2, 
271. 

Tissues, 29-30. 

Tongue, 23/., 161-2, 176- 
7/. 

Toothwort, 192. 

Touch, 228-9, 256-8/, 

Trachea. 2l/., 23/., 165, 
160. 296. 

Tracheal tubes of insects, 
*91-4/. 

Training of young, 223-5, 
S01-3, 50S-9, 511, 

TranalocAtion of sugar, 66, 

Transmission of stimulus, 
209-11, 222-3, 255. 

Transpiration, 106-11/. 

Tranavene process, 404/., 

413-14/. 

Trees: in winter, 275/.; 
secondary thickening of, 
361/.; leaf fall, 376/. 

Tfcpisma; animal, 241-2/.; 
plant, 244-52/. 

Trypsin, 142, 169. 

Trypsinogen, 169. 

Tubers, 372-3/.; and vege- 
tative reproduction, 421. 

Tulip bulb, 374-5/. 

Turgidiiy of plant cells, 96. 

Tw-iga, 274-5/. 

Twining planta, 191-3/., 
879/. 

Tympanum, 235-6/., 323/. 

Ulna, 495-10/, 

Umbilical cord, 504/., 509/. 

Urea, 17 1, 333. 

Ureter, 21/., 23/., 332-8/. 

Urinary bladder, a I /„ 23/., 
333/., 337/. 

Urino-geniul organ*: frog. 
337/*: rabbit, sol/. 

Ura*t>le, ai6. 406-7. 

Uterua, 506-8/. 

Vaccination. 520. 

Vacuole*, of planta, 26-9/., 
31; contractile, 33; food, 
36. 

Valvea of heart, 285, agS/., 
300-a/. 

Vane of feather, 4to-tt/. 

Va* deferent, 337/., 507/. 

Vascular bundles, 18/.; of 


root, 92-3/*; of stem, 
94-6; of leaf (veins), 

100-5/. 

Vegeta m*e propagation. 

372-3/., 421. 

Veins: of leaf, 100-5/.; of 
animal, 302. 

Vena cava, 298-300/. 
Venation of leaf, lot-2» 
Ventral aorta, 286/. 
Vcniriclc, 2S5-6/., 298/. 
Vermifotm appendix, 175/, 
Vertebm, 216, 404/. 
Vertebral column, 23/., 404, 
406-7, 409/., 412-13/. 
Vertebrates, 21-3/., 161- 
78/., 214-26/., 233-6/., 
238-41/.. 387,402-18/., 
498-511 /, 

Vessels: of wood (x>’lem), 
30. 92, 9 S/»; blood*, 
302. 

Vestigial organs, 193 /.» 273, 
392, 469-71* 500, 516- 
«7. 

Villi, 167/* 

Vision, 215; defects of, 24c; 

colour. 241. 

Viul activity, 39. 

Vitamins, 48, 51-3, 74. 
Vitreous humour, 240. 
Vivipary, 506-7, 509. 

Vole, water-, 529. 

Walking, 224, 

Waste products, 35-6, 39, 
6 s/m i7i-a, a6i, 266/., 
269, 330-8/. 

Water : content of living 
material, 41, 45* cultures, 
72-4/.; absorption and 
passage through plant, 
89-^2; loss of, from leaf, 
106-ja; content of soil, 
119^0; and growth of 
roots. 231/.; produced 10 
respiration, 270; excre- 
tion by lungs, 3315 by 
kidneys, 333-4; by skin, 
341—2; and dispersal of 
fruiu. 4S5; and bird', 
«8ft. 409. SOI. 
Watcr-butrercup, 177 /. 

— pUnu. 472 - 3 , 514* 

— -•hraw, 528. 

•pider. 311. 

— ‘vole, 348. 

Wax of bees. 494-.S. 

WeascUp 547, 
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Weathering of rock, ii6. 
Whales, 384. 

Wheat, 9, 521. 

Whelks, 531. 

White blooA'i corpuscles, 
307-9/. 

— bryony, 379/. 
matter of brain, 216. 

— of egg, 499-500. 

Whorl of fioral leaves, 451, 

473. 

Willow: fruit, 481; tree, 
529-30. 

Willow-herb, 480-1/., 529. 
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Wind dispersal, 479-Si/., 
483-6. 

— pollination. 455-8. 
Winged fruits and seeds, 

480-1/. 

Wings: of birds. 409-11/.; 

of iiuects, 460. 

Womb, 504-8/. 

Wood, annud rings of, 
360-4/. 

— vessels. 93 - 5 /. 

Woody perennials, 274-5/., 

376-8/. 

Worker bee, 494/. 


Wormery, 151. 

Worms, 121. 150-5, 194- 
8 /., 204 , 496-7/. 

Xeropbytes, no, 124, 127. 
Xylem: primary, 95/., 

361/.; secoodaiy, 361. 

Yeast, 262-3, 421 . 

Yellow fever, 205, 

Yolk, 498-9. 

Zygomorphie dowers, 457, 

473. 

Zygotes, 426. 
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